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ABSTRACT 


A computer program is described which pro- 
vides calculations for model atmospheres to one plan- 
etary radius above the surface using the hydrostatic 
equation and the equation of state. These calculations 
are based upon a temperature and molecular weight 
structure and upon the surface pressure, surface 
gravity, and radius of the planet. 
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A COMPUTER PROGRAM FOR CALCULATING 


MODEL PLANETARY ATMOSPHERES 

By David E. Pitts 
Manned Spacecraft Center 

SUMMARY 


The computer program presented here enables calculations to be made of a model 
atmosphere of a planet to one planetary radius above the surface. The variables calcu- 
lated are altitude, temperature, pressure, density, specific weight, molecular weight, 
pressure scale height, density scale height, number density, mean particle velocity, 
mean free path, collision frequency, speed of sound, coefficient of viscosity, kinematic 
viscosity, and columnar mass. The calculations are usually made for atmospheres con- 
sisting of nitrogen, carbon dioxide, oxygen, argon, neon, hydrogen, helium, water va- 
por, carbon monoxide, and sulfur dioxide. However, if the printouts of mean free path, 
collision frequency, coefficient of viscosity, and kinematic viscosity are ignored, cal- 
culations may be made for gases of any desired molecular weight. 


INTRODUCTION 


The model atmosphere, a simplified mathematical construct, offers a self- 
consistent method for numerically expressing the state of an atmosphere based upon a 
temperature and molecular weight structure and certain boundary conditions at the sur- 
face (for example, surface pressure). Such models are widely used as a scientific tool 
to enable the investigator to understand physical processes in an atmosphere, for design 
and conduct of scientific experiments (both remote sensor and in situ), for spacecraft 
design (for example, reentry), for calculating mission profiles for spacecraft (for ex- 
ample, orbital lifetimes), and for aircraft design. 

New data from satellites and sounding rockets and from new theoretical models 
are continually increasing our understanding of the Earth atmosphere. Thus, the model 
atmospheres must be updated continuously. A similar situation exists with other plan- 
etary atmospheres; however, the amount of data is more scarce and the model atmos- 
pheres are more divergent. Consequently, advances in understanding of planetary 
atmospheres occur more often and offer more extensive changes than for the Earth at- 
mosphere. 

In the past, model atmospheres have usually been calculated by hand. This re- 
sulted in only the minimum amount of data being given, usually in only one set of units. 



When new data were obtained, there was a great deal of time lost calculating a new 
model atmosphere, and the new atmosphere did not promote good understanding and 
communication between the scientific and engineering communities. The use of the 
computer helps solve all of these problems, with the additional advantage of having 
higher accuracy and greater reliability. 

A Fortran computer program was written so that model atmospheres may be cal- 
culated easily and quickly, thus reducing the lag time between the receipt of new data 
and the use of the new model atmospheres. This program was written in the Fortran V 
computer language for the Univac 1108. However, the program is compatible with 
Fortran IV for the IBM 7094, and may be easily modified into Fortran II if desired, by 
changing the input-output and library functions (for example, cos would be changed to 
cos f). Computational time per model atmosphere is usually less than 30 seconds. 

The model atmospheres may be calculated to one planetary radius; however, 
usually 1000 km or so suffices for most orbital decay and entry studies. Two systems 
of units (metric and English) are used, and the models calculated are separate but 
equivalent model atmospheres designed to promote cooperation between different pro- 
fessions. The legend of the scientific and engineering units for the model atmospheres 
is presented in table I. Since some confusion arises at times concerning pressure 
scale height and density scale height, an explanation is included in appendix A. 

To date, the principal uses of this program have been to calculate model atmos- 
pheres for Mars and Venus (ref. 1) and to calculate density and temperature dispersion 
data for Apollo spacecraft reentry considerations. 


SYMBOLS 


C 

C 

C 


P 


s 


v 


erf(x) 


g 


specific heat at constant pressure, cal mole - * °K - ^ 
speed of sound, m sec * 

specific heat at constant volume, cal mole * °K * 


error function of x = 


.if 

Vnl 


e " ? 


= l 


.if 

^ Jo 


-z 2 

e 5 d| 


acceleration caused by gravity, cm sec 


-2 



2 



surface gravity, cm sec 

geopotential altitude above the surface of the planet, km 
an altitude in geopotential height, km 

an altitude in geopotential height where > H , km 

pressure scale height, km 

average pressure scale height, km 

density scale height, km 

Boltzmann constant, ergs (°K) 
mean free path, m 

columnar mass, g cm"^ 

molecular weight 
molecular weight at H a 

molecular weight at 

molecular weight of ith constituent 

molecular weight of jth constituent 

base molecular weight 

23 - 1 

Avogadro' s number, 6.0238 X 10 molecules (mole) 

-3 

number density, cm 
pressure 

pressure at H , mb 

£L 


pressure at where > H a> mb 



P Q pressure at zero height, mb 

2 -1 

Q kinematic viscosity, ft sec 

7 - 1 - 1 

R universal gas constant = 8.314 x 10 ergs mole K 

R z height of the base of the exosphere plus radius of the planet, km 


r the radius of the planet, km 

T temperature (kinetic), °K 

T temperature at H , °K 

3. El 

temperature at H^, °K 



molecular scale temperature, °K 

molecular scale temperature at H a , °K 

molecular scale temperature at H^, °K 

temperature at zero height, °K 

mean particle velocity, m sec"'*' 
mole fraction of the ith constituent 


R Z 
r + Z 

geometric altitude above the surface of the planet, km 



v 

maximum energy of attraction, ergs 
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s 

viscosity for ith constituent, kg m" 1 sec" 

M 

viscosity for mixture, kg m"* sec"* 

« 

dummy variable used for computation of the error function 

P 

density, g cm ^ 

a 

zero energy collisional diameter, A 

a. 

1 

zero energy collisional diameter for the ith constituent, A 

u 

collision frequency, sec"* 

ij 

coefficient for calculating viscosity 

fijCT) 

reduced collisional integral for ith constituent 

CO 

-2 -2 

specific weight, slug ft sec 

Subscripts: 

i or j=l 

nitrogen 

i or j=2 

carbon dioxide 

i or j=3 

oxygen 

i or j=4 

argon 

i or j=5 

neon 

i or j=6 

hydrogen 

i or j=7 

helium 

i or j=8 

water 

i or j=9 

carbon monoxide 

i or j= 10 

sulfur dioxide 



CALCULATION OF A MODEL ATMOSPHERE 


The atmosphere and its variations above the surface of a planet can be described 
by the use of six variables: density p, pressure P, temperature T, molecular 
weight m, acceleration caused by gravity g, and height Z. There are two equations 
which relate these quantities. The equation of state, shown in equation (1), which is a 
form of the ideal gas law, relates P, p, T, and m to the universal gas constant R. 


P - 


Pm 

RT 


( 1 ) 


The hydrostatic equation, shown in equation (2), relates the pressure gradient to the 
density and the local value of gravity. 


ap 

az " ~ ps 


( 2 ) 


The proper combination of the ideal gas law equation and the hydrostatic equation with 
certain reasonable and valid assumptions results in equations (3) and (4). A more com- 
prehensive derivation of equations (3) and (4) can be found in appendix B. If 

3T /3H * 0, then 
m/ ’ 


g m 
& o o 

ST 


P K= P o 

b a 


(V 


~iR ■ 


m 


( T m). 


3H 


(3) 


and, if 3T m /9H = 0, then 


p b = P a exp 


■g m fH. - H ' \ 
& o oV b ay 


R ( T m) 


(4) 
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If the surface boundary conditions ^g Q , m Q , P q , T q ) and the molecular scale temper- 
ature structure* are known, the pressure as a function of height may be calculated by 
equations (3) and (4) and the density may be calculated by substitution into equation (1). 
Typical construction parameters required for use in equations (3) and (4) are given in 
table n. The values given are for Mars, whereas the appropriate values for any other 
planet may be selected. 

In the calculation of some model atmospheres the temperature and molecular 
weight structure are the primary variables and are chosen accordingly. In this case, 
the molecular scale temperature gradient 3T m / 9H is a derived quantity each geomet- 
ric km. In other words, if molecular weight and temperature are input in linear seg- 
ments, then molecular scale temperature is not linear with altitude, but is curved. 

For this case, temperature is calculated by 


T b= T a + li( H b- H a) 


(5) 


molecular weight is calculated by 


m b ' m a + Iff ("b - H a) 


( 6 ) 


molecular scale temperature is calculated by 



m T, 
o b 

m. 


and 


3T 


m 

3H 



(7) 


( 8 ) 


The temperature structure is defined by a number of temperatures and molecu- 
lar weights corresponding to an altitude, either geometric or geopotential as desired. 
The number of these critical points cannot exceed 99. 
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In this option the geometric altitude is generated and then is converted into geopotential 
altitude, which is subsequently used to generate pressure and temperature. This is 
known as option 1 and is the option usually used for Mars. Table in contains the output 
for such a model, using the construction parameters shown in table n. 

Option zero molecular scale temperature gradients and the temperature gradients 
may be considered to be the primary variables; in such circumstances, they are taken 
in linear segments. In this case, molecular weight is the derived quantity which is 
therefore not linear in altitude. This method is used in calculating models of the type 
such as the U. S. Standard Atmosphere (ref. 2), and is known as option zero. 

For option zero, molecular scale temperature is calculated by 




3T 




( 9 ) 


temperature is calculated by 



m 3T 
T + — - 
a 3H 



( 10 ) 


and molecular weight is calculated by 


m T, 
o b 



(ID 


Table IV contains the output for a sample calculation of this option. The choice of op- 
tions is left to the discretion of the programer. 

At very high altitudes, when the scale height of the atmosphere is approximately 
equal to the mean free path of the gas molecules, the atmosphere no longer behaves 
hydrostatically. In order to account for this change in the rate of decay of density with 
height (the decay rate is less rapid), an analytical expression for a neutral exosphere 
is used (ref. 3). The following equation describes the density in an exosphere in terms 
of the density at the base of the exosphere. 
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1 - 1 erf VrW) 


o< z) ’ Po( R z) 


(l - | erf w) - (VT7) (e' 1+y ) ( 


a 


( 12 ) 


The use of the exosphere option in the computer program also is left to the discretion 
of the programer. 

When P, T, and p are known for the 1-km geometric height increment, addi- 
tional quantities can be calculated in tabular form according to the following formulas, 
many of which were used in the U. S. Standard Atmosphere, 1962 (ref. 2). However, 
some formulas must by necessity be more complex in the general case than for the 
Earth. For these cases, the number of gases for which calculations can be made were 
restricted to 10 gases: those high in the solar abundance (hydrogen, helium, and 
neon), those which comprise outgassing because of vulcanism (water vapor, carbon 
dioxide, sulfur dioxide, nitrogen, carbon monoxide), those caused by the presence of 
life and/or dissociation of other compounds (oxygen), and those caused by radioactive 
decay (argon). Thus, in the calculation of the speed of sound, y is determined from 
0^ as a function of temperature (ref. 4) for the mixture as chosen from these 

10 gases, as is shown in equation (13). 


C 


s 



(13) 


The surface molecular weight of the mixture is also calculated from the mole fractions 
of the gases as chosen by the programer. 


m 

o 


10 



m. 

l 


(14) 


In the calculation of the mean free path L and collision frequency u, the collisional 
diameter ct used is calculated from these 10 gases as shown in the following equations. 


a 


10 

= £ x i°i 


i=l 


(15) 


RT 

2 1/2 7tNct 2 P 


( 16 ) 
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(17) 


u = 4(r N| 


© 


1/2 




The coefficient of viscosity is calculated, using equations (18) to (20), for an atmos- 
phere composed of these 10 gases. Values of were calculated for each constituent 
for each 100° K from 100° to 700° K from the nomograms given in reference 5. 
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) 
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. . 1/2 . v 1/4 
/n.\ / /m.\ 
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Vi \ m J 


n 2 


/ m. 
2^/2 1 + — 
V m i. 


J7 2" 


( 18 ) 


(19) 


( 20 ) 


The remaining equations, for calculation of mean particle velocity, specific weight, 
pressure scale height, density scale height, number density, columnar mass, and 
kinematic viscosity are as follows. 


/ 8RTV 1//2 
\ 7rm / 

(21) 

w =pg 

(22) 

RT 
P mg 

(23) 
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( 24 ) 


H P 

H P “ ; , R 3(T/m) 
1 + g ^z— 


n = 


NP 

RT 


M 


r z 

= I p dZ 
•'o 


Q = ii 

P 


(25) 

(26) 
(27) 


The preceding equations, (3) to (27), were programed so that a model atmos- 
phere can be constructed with a minimum of construction parameters. 

The model atmospheres are printed in tabular form with 16 variables being given 
as a function of height in increments chosen by the programer; they were all calculated 
using 1-km steps, however. The variables calculated are altitude, temperature, pres- 
sure, density, specific weight, molecular weight, pressure scale height, density scale 
height, number density, mean particle velocity, mean free path, collision frequency, 
speed of sound, coefficient of viscosity, kinematic viscosity, and columnar mass. 

A Fortran listing for the planetary model atmosphere computer program and an 
example of input data are shown in appendix C and appendix D, respectively. 


FLOW CHART FOR PLANETARY MODEL 
ATMOSPHERE COMPUTER PROGRAM 


Essentially, the first portion of the program through pivot 1 sets up the input data 
internally and the output headings externally. Pivot 3 is the beginning of the read cycle 
for the altitude distribution of molecular weight and temperature. Pivot 11 is the be- 
ginning of the altitude -iteration ’’do” loop. Pivot 5 is the beginning of the exosphere 
option. After the pressure, temperature, and density are calculated, the subordinate 
parameters are determined. Viscosity calculations start near pivot 6 and carry 
through to pivot 9. Once these subordinate quantities are calculated, printout occurs 
if the altitude agrees with the altitude increments which were input by the programer. 
Then corresponding engineering values are calculated. The altitude iteration ends at 
pivot 12; then the engineering data are printed out. The iteration then returns to 
pivot 13 and is ready to calculate another model atmosphere. The flow chart is illus- 
trated in figure 1. 
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Figure 1. - Continued. 
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Figure 1. - Continued. 
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Figure 1. - Continued. 
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CONCLUDING REMARKS 


Using the computer program just described, wide ranges of model atmospheres 
may be calculated in order to envelope relatively uncertain conditions in a planetary 
atmosphere; or, special purpose calculations may be made involving very exact condi- 
tions which were measured for a particular location, altitude, and time of day. 


Manned Spacecraft Center 

National Aeronautics and Space Administration 
Houston, Texas, October 30, 1967 
981-89-00-00-72 
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APPENDIX A 


PRESSURE AND DENSITY SCALE HEIGHT 

Pressure scale height may be defined in many ways. Perhaps the best way is as 
shown in equation (Al). 



-1 _ -1 
1 9P d In P 

p az az 


(Al) 


As may be seen in equation (Al), H p denotes the rate of decrease of pressure with 
height. Specifically, H p is the height necessary for the pressure to be reduced by 
e (that is, P/Z„ \ = P(base)/e). This is shown in the following discussion. Combin- 

V H P ) 

ing the hydrostatic equation 


ap 

az 


-pg 


with the equation of state 


P = 


Pm 

RT 


gives 


1 3P -mg 

p az RT 


Substituting equation (A4) into equation (Al) gives the simple result 


H 


_ RT 
P mg 


(A2) 


(A3) 


(A4) 


(A5) 


which is the form of the pressure scale height most commonly found in textbooks. 
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Combining equations (A4) and (A5) by eliminating the term mg/RT gives 


11E H7 - dz 
P 9Z H p 


(A6) 


Integrating equation (A6) gives from altitudes a to b 



(A7) 


where b > a gives, 



(A8) 


If 


P 


b 



then 


H 


P 




(A9) 


(A10) 


A hypothetical homogeneous atmosphere (vp = 0) has a height (where P = 0) 
equal to the pressure scale height. Even though it is homogeneous, the atmosphere 
will still be hydrostatic, but since the density is constant, equation (A2) can easily be 
integrated 


3Z=-pg P b -P a$ -pg(Z b - Z a ) (All) 
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At the top of the atmosphere Z^, the pressure becomes zero, and at the surface Z & 
the pressure has some finite value. Therefore 



(A12) 


However, Z = 0 since the origin is at the surface so that 
a 



but 

p = pRT 
m 

so 


RT _ „ 
mg b 


(A13) 


(A14) 


(A15) 


Then, using equation (A5), 


Z 


b 



(A16) 


The density scale height is defined in a similar manner 


H =W- 
p 1 Jp 

p dZ 


(A17) 


and may be said to be the height increment required to reduce the density by the fac- 
tor e. The relation between the two scale heights is 


H 


R 8(T/m) 
g dZ 


(A18) 
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APPENDIX B 


DERIVATION OF ITERATIVE HYDROSTATIC EQUATION 


The basic equation describing the rate of change of pressure in the lower regions 
of the atmosphere is the hydrostatic equation. It relates the vertical gradient of pres- 
sure to the local values of density and gravity. The tangent plane coordinate system 
(fig. B-l) is used as a reference for defining direction. 


N 



Equator 


Figure B-l. - The tangent plane coordinate system. 


3P 

3Z “ " Pg 


(Bl) 


If density were known as a function of height, equation (Bl) would be integrable. 
However, temperature, not density, is usually the known function in an atmosphere. It 
is for this reason that the equation of state 


P = 


Pm 

RT 


(B2) 
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is substituted into (Bl), giving 


IIP _ -mg 

P 3Z RT 


dZ 


(B3) 


However, this equation is not integrable as it stands. Three variables m, g, 
and T are functions of Z. Thus a transformation of variables is required. In order 
to do this, two hypothetical constructs are used. These are the geopotential altitude 
and the molecular scale temperature. Geopotential altitude H is a fictitious altitude 
which changes relative to geometric altitude Z such that g becomes a constant. Geo- 
potential altitude is defined as follows 



(B4) 


The acceleration caused by gravity near a spherically symmetric planet is ex- 
pressed by Newton' s law of universal gravitation, which, when placed in terms of the 
gravitational acceleration at the surface of the planet, becomes 


g = 


g r 
& o 


(r + Z r 


(B5) 


Using this result in equation (B4) and integrating gives 


H = r 


f dZ 

L (r + Z) 


Zr 
2 r + Z 


(B6) 


Likewise, molecular scale temperature T m is simply a device for combining 
two variables (T and m) into one. It is defined as 


T 


m 



T 


(B7) 
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If equations (B4) and (B7) are substituted into equation (B3) it becomes 


1 

P 


0P 

0Z 


dZ = 


-m g dH 
o & o 


RT 


m 


(B8) 


Within an atmospheric layer where 0T m y/0H is constant, then equation ,(B8) has an 
exact analytic solution, which is as follows. If 0T m /0H * 0 


g m 
s o o 

0T 


P. = P 
b a 


( T m) f 


-iR 


m 


0H 


(B9) 


and if 


0T /0H = 0 

m/ 


P b = P a exp 




H 


R 


( T m). 


il 


(BIO) 


These are the final iterative forms of calculating pressure as a function of alti- 
tude. 
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APPENDIX C 


FORTRAN LISTING FOR THE PLANETARY MODEL 
ATMOSPHERE COMPUTER PROGRAM 


Because the description of the computer program is included in the flow chart, it 
will not be duplicated here. The Fortran listing and a key to the variables are included 
for those who wish to inquire into the mechanics of the program further than the flow 
chart allows. Although the key does not explain all of the variables, it does include the 
most important ones. Many of the variables not included are "dummy” variables and 
are of no consequence, since they are used only as tools for operations such as numer- 
ical integration. Variables that have an "E" preceding them are in engineering units. 
The following is an explanation of the notation used in the program. 


AM 

AMASS 

BET 

CARBON 

CCPP 

CCVV 

CP 

CPS 

DA, TE 
DET 

DMDH 

DTDZ 

GAMMA 

GB 


molecular weight of each of the 10 constituents 

quantity used to sum p^A over all i' s for columnar mass 

subroutine for calculation of pressure where the temperature gradi- 
ent is the primary variable 

columnar mass of CO 2 

C (Tl) 

P 

C (Tl) 
v ' 

C for each of the 10 constituents for each 100° K from 100° to 700° K 
P 

function for calculation of C 

P 

the month, date, and year of the computer run 

subroutine for calculation of pressure where molecular scale temper- 
ature lapse rate is the primary variable 

molecular weight gradient at ZZ, geopotential 

molecular scale temperature gradient, geometric altitude 

C /C 
P/ v 

acceleration caused by gravity at ZZ 
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GO 
H (I) 

HPRES 
HRH0 
IENDG 
IF LIP 
IFL0P 

m 

INF, QOOOFL 

IP0 

IQF 

ISL0P 

IW0RLD 


K 

KFL0P 

KLIP 

KSL0P 

L 

M 

NA, ME 

NN 

0M 

0MEG 


acceleration caused by gravity at the surface of the planet 
geopotential altitude of Ith level 
pressure scale height 
density scale height 

number of total levels to be printed out in the engineering quantities 
altitude interval of printout above KFLIP and below KFL0P 
altitude interval of printout above KFL0P and below KSL0P 
designation of which constituent is being used 

variables used for random alpha-numeric information to be printed 
on output sheet 

a code for the programer to make input values of altitude either geo- 
metric (IP0 = 0) or geopotential (IP0 = 1) 

dummy variable for setting up arrays 

altitude interval of printout above KSL0P 

a code to enable the programer to choose between a subroutine for 
calculating model atmospheres similar to the U. S. Standard, 1962, 
called DET (IW0RLD = 0) and a subroutine for most planetary at- 
mospheres called BET (IW0RLD = 1) 

index used for engineering variables 

geometric altitude above which the altitude interval IFL0P is used 

geometric altitude above which the altitude interval IF LIP is used 

geometric altitude above which the altitude interval ISL0P is used 

the ratio of the number of linear temperature segments to the number 
of altitude segments considered 

fixed point variable for geometric altitude 

name of the planet or celestial body being considered 

the maximum height to be considered 

0 for each of the 10 constituents for each 100° K from 100° to 700° K 
function for calculation of O for viscosity 
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0MEGA 
PB 
PHI 
PHHJ 
P (I) 

PO 

RAD 

RAT 

RGM 

RHBASE 

RH0 

RO 

SIGMA 
SIGMA 1 
SPEED 
T1 
T (I) 

TM (I) 

TMQ 

TMQ1 

TO 

TQ 

VBAR 

VI 


specific weight 

pressure at the top of the interval of integration 

TT 

coefficient for calculating viscosity 
pressure at the Ith level 
surface pressure 
radius of planet 

^ for each of the 10 constituents 

an alpha-numeric variable corresponding with IP0. If altitude being 
read in is geometric, RGM = M; if geopotential, RGM = P. Thus 
either ”GE0M” or ”GE0P’ is printed out. 

density at the base of the exosphere 

density 

universal gas constant 

zero energy collision diameter for each of the 10 constituents, A 
average zero energy collisional diameter 
speed of sound 
temperature 

kinetic temperature at the Ith level, read- in 
molecular scale temperature for the Ith level 
molecular scale temperature at ZZ 
molecular scale temperature at altitude XH1 
surface temperature 
temperature at ZZ 
mean particle velocity 
function for calculation of viscosity 
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V.0LPER (1) 
V0LPER (2) 
V0LPER (3) 
V0LPER (4) 
V0LPER (5) 
V0LPER (6) 
V0LPER (7) 
V0LPER (8) 
V0LPER (9) 
V0LPER (10) 

VIS 

XERR 

XH 

XH1 

XK 
XKIN 
XM (I) 

XMO 

XM0LW 

XMQ 

XMQ1 

XMU 

XN 

XNIJ 

XNUMD 


mole fraction of nitrogen 

mole fraction of carbon dioxide 

mole fraction of oxygen 

mole fraction of argon 

mole fraction of neon 

mole fraction of hydrogen 

mole fraction of helium 

mole fraction of water 

mole fraction of carbon monoxide 

mole fraction of sulfur dioxide 

~o J-S- for each of the 10 constituents 
ff 2,K 

dummy variable 
geopotential altitude 

geopotential altitude corresponding to 1 geometric km below ZZ 

1. 38026 x 10" 16 ergs (°K)“ 1 
kinematic viscosity 

molecular weight for the Ith level, read-in 
molecular weight 
surface molecular weight 
molecular weight at ZZ 

molecular weight 1 geometric km below present level 

coefficient of viscosity 

Avogadro’ s number 

collision frequency 

number density 
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XRH0 

density at 1 geometric km below present level 

YERR 

dummy variable 

Z (I) 

geometric altitude of Ith level 

Z0NK 

mean free path 

ZTEST 

altitude of the base of the exosphere 

zz 

geometric height 



APPENDIX D 


EXAMPLE OF INPUT DATA 


An example of input data for a sample Mars model atmosphere is given on the 
following pages. The data are also explained in the tabulated key, shown after the 
example . 

Each model atmosphere needs one each of cards 1 and 2. The first two cards 
determine the extent in altitude of the calculations, the surface boundary conditions, 
the altitude increments desired, the mole fraction of each of the 10 gases, the calcu- 
lation procedure to be used for pressure, and the altitude at which the exospheric op- 
tion is to be used (if it is to be used at all). The number of type 3 cards that will be 
used depends upon the model atmosphere. However, the temperature and molecular 
weight must be given at least to the maximum number of levels (km) as specified by 
card number 1. 


KEY TO EXAMPLE OF INPUT DATA 


Card 1 

Number of levels km, number of card 3 to be read in, surface pressure mb, 

-2 

surface temperature °K, surface gravity cm sec , radius of planet km, planet name, 
comments, first increment, first altitude, second increment, second altitude, third 
increment, third altitude, test for type of model: U. S. Standard (IW0RLD = 0), 
planet (IW0RLD =1). 


ife . ■■ ■■ . - * . mm 



Card 1 
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Card 2 


Date, height of the base of the exosphere km, mole fraction of nitrogen, mole 
fraction of carbon dioxide, mole fraction of oxygen, mole fraction of argon, mole 
fraction of neon, mole fraction of hydrogen, mole fraction of helium, mole fraction 
of water, mole fraction of carbon monoxide, mole fraction of sulfur dioxide. 
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Card 3 

Test for altitude (zero if geometric, one if geopotential), alphabetic variable 
("M" if geometric, "P" if geopotential), and altitude km, molecular weight 
(g/g mole), temperature °K. 
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I I I Mill II I llll II I 


1 1 


I i iiiiii mini i 


ccolumn ar mass model atmosphere, with VaR of MOL wtg., exosphere 

C AV ^DIMENSION Z C 90 ) » ETC 90 ) , H<90>, TM<_9o\. X^.?.0 ) L Pj 9 q_> , Jll 

190) EZZ( 251 ) ETK251), EPB(251), ERH6<25ij, ESPEED(251> ( EHPREa( 

2251 > , EHRHQ ( 251 ) , ENUHDNI(25l ) > E VBAR <2 51)» E XBAR(25l>> EXH gA,251_>L 


3eXkFn( 25T) » EffMEGA<251)#TF9(j)iVOLPER<iO> * SIGMA <10) » VIS (10) *RaT<10> 

^CO MMO S VrffiV X M» P , G 0 . RAD * L i R O i XMOLW » T', TMQi * XHl » XMQ^l . pi I V ! s I Ra T * am 
VI (Tl« 1 n. i Qp ) = 2 6 * 69 3* V 1 S ( I II ) *SQRT < Tl/RAjd 1 1 _M L < OHEGJ T1 »JJ_I ..i_IQF_). 


1 > 

Tl=200.0 
J = 1 


I_^0_ _ . . - 

GAMMA S CPS<"T1 » J> I ) 
PO=OMEG<TliJ* ! > 

I QF ■ 1 

AM(l)=2?.tU6 

a'M(2TM4,011 

AM(3) s 32j.O 

(17 = 39, 9 44 
AM(5)=20,183 
AM( 6 1*2,016 
AM(7)=4,003 
AM(8)=18.016 

A_M19)=28^0U 

a'M( 10 5=64. 066 
SlGMAd 1=3,681 _ 

SIGHa(2)=3,952 
S I GMA ( 3 ? =3 . 499 
S I GMA ( 4 ) =3 , 421 
SI GHA( 5 ) =2 , 858 
■STGVAT5T=?, 9lIT 
SIGHA(7)=2.576 
SlGMAd)=2.99 
SIGMa(9)=3,678 
SIGMAdO) 8 4.29o' 
rat ( 1 ) =9i » 5 
RATT21 =200.0 

RAT t 3 1 =100 » 0 

RAT(4^1l9,5 
RAT( 5 ) =27 % 5 
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RAT( 6 ) = 36 . 0 ' i 

. RAT< 7 ) =1Q j 22 
RAT<8> = 49 t l,2 

RAT(9>=9.4.5_ 

RAT(10)=252.0 
VISU> = 3,737 
VIS<2>=6,01 
VIS( 3) =4, 620 
VIS(4)=5.9q 

VISi5?=2.ifl4„ 

V ! S ( 6 ) = 1 , 030 

VIS<7)=0.964 

VIS(8>=10.597 

VIS«9)=3.P03 

V!S<iO)=6»91 

XK=i,.38.0.26*lDtQ**( -X6> 

XM = 6,02257E+23 "" ' 

PHJs3, 14159 
BETA=1 , 450E-06 
BQ=8,3l432E+Q7 

25 READ « 5 , 9 > NM» L > P0 > TO t GO » RAD , NA » MF , i NF , QOOOFL , I FL I P , KFL I P * I FLOP , <F 

.... lLPPj.lS^nPi_KSLQP>J WORUQ.. 

9 FORMAT ( 14, I2.EU .S.F5,2»F6,3*F6,P,4AA.3( 13, 14), II ) " 

READ (5,4 ) Da*TF»ZTEST. (VOLPER( I ), 1=1.10) 

4 FORM A t ( A 5, A3,F4.C,10F5.2) 

.XMQrO.Q 
SlG M Al = 0 • 0 
DO iiu LVV S 1,10 

XM0 = XM0 + a v 1< !VV)*VCLPER( IVV>" "" “ ' • 

Ull S!GM A .i = SIGMAl+SlGf / A( IVV)*VOLPER< IVV>»1.0E-Q8 
ivv s X < io*io6o,n 
XMQslVV 

xMb=xMo/indo,d ' 

T(1)=T0 

P1 = PQ ' " “ ~ " ' " ' 

TMQ1=T0_ 

X i 4Ql = XM0 

ZFLIP=KFLIP 

ZFLoP=KFLOP ■“ 

Z_SL0P = KSJ_0P 

FLIP=IFLI d 

FL0P=IFL0° 

SLOPS I SLOP 
TM(i> = JO 

Ef(I> = i M < i ) * 1,8 ... .. ■ 

XM(l)=XMg_ 

H<l)*0,n ‘ " “ " 

pfl )=P0 

XRHO=d,d ■ 

BASS =0.0 I 

zCi>=d,o ■ " ■ 

EZ(i)=a.o _ _ i 

EPO = PO*14, 7/1013.0 ■' 

. . ,L=L+1 . , 

EG0 = G0/30.48 " , 

RMOsPO*XMO/(RO»TO )*100Q ,0 

ERHM = 8H0*i .943 -~ 

ETO*TO»l . 8 _ _ , 
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XMOLW=XMO 

WRITE U.DNAiME, INFiQOOOFL . .. 

1 FORMaT < 1H1 * 45X > 20HMODEL ATMOSPHERE FO'R * IX , 2^ » 22X * 2^ * // 5 

WRITE 16,5)Daj_TE_ 

TTORMaT (2X.23HC0NSTRUCTI0N PARAMETERS, 27X, 16HSCJENT.IFIC UNITS* 35X*. 

1*5H0ATE .A5*a3//) __ 

WRITE ( 6 , 22 )P0 » TO * RHO * ZTESt * XMO”, GO 

22 cORMAT (2X.19HSURFACE PRESSURE = * F 9,2,3 H ME * 10X * 22h|SURjrACE TEMPER 
— 1 ATURE = TF7'*2i2H'K, 8x*'i8HSURFACE OENSITy * *lPE9,2,6W GM/CCf*/,”” 
22X.20HBASE OF EXOSPHERE = , 0PF8 , 2 , 4H( KM ) , VX , 19HM0LECULAR WEIGHT » 

' 3T5X. OPF 6 . 3, 5X.18HSURFACE' GRAVITY . 0PF8TT* 11H CM/SEC'SEC) 

WRITE (6,556) Na*^E*RAD* (VOLPFR f I ), 1=1*10) 

”556 FORMAT (BX^HRaDIUS OF “,”1X72*4 i 2H* 7 F8 ,4 h< Km7 ,9x , iBHPERCENT NFTR 
iOGEN = ,5X.2PF7.3*11X*16HPERCENT C02 = « 2PF7 * 3 * /» 2X* 22HPERCE NT 0 

2X”Y"GeN” = ' 72PfT,3*12X*23hP'ERcE > t T A^GON ~ "■ ' ,”2 Rf7 • 3 * 11X * 

3l6HPE R CENT NEON = 2PF7 , 3 . t , 2X»22HPeRC£NT HYDROGEN * *2P F 7,3, 

412x723hpPceNT HELIUM = ' * 2Pf7^,3* 11X » 16HPERCENT w a T£R '■V" 

52PF7,3,/,2X,22HPERCENT cO = * 2PF7 , 3 » 12X*^23hPERcENT S02 

r" * , 2 P F? , 3 , 7 // * f 0 X » 4 6 H T E M P E R A T U R E A N 0 MOCecUL'aR WEIGHT Dl'S'TR 

7 1 BUT I ON* / ) 

DO 51 I =2 »L 

READ (5,976)IP0»RGM,Z( I >,XM( I >,TM( I ) 

976 FORMAT ( 11, A1*7X,3(F10. 2*10X75 

IF ( XM ( I ) ) 2001,2000*2001 _ 

■2000 XM( I ) *XMO 
200l_ET(X> s TM( I )*1,8 

“ WRITE (6,8) ZfD, RGm» Tm< I > » XmU ) 

8 FORMAT <ioX,2HAT,iX,Flo,2*3X,3HGEO,Ai*iX,2HKM,8X, 12 W TEMP£RAT 

1URE=,2X , F 1 0 , 2,2H K,7X,13 HAND MOLECU UUV?X ,~7HWi El G HT=,F10,5) 

EZ( I ) = Z( I >*0.JU)328l _ 

IF ( IPO ) 630,631,630 

_63l H(I) * RAO * Z( !) _/_< RaD + Z(JJ) _ _ 

GO tO 782 

630 H< I ) = Z( I ) _ _ 

zd) r rao * zd) / (Rad - z(i>> 

782 TCI >=TM( I > „ 

5l TM( j ) = TM(I ) * XMO "7 XM (1) " ” 

JCHlr~RAD/(RADtl,0) _ _ _ _ ; 

TMQ1 = ( T ( 2) -T ( 1 ) ) /TH ( 2) -H f 1 > ) *XH1 +T ( 1 > 

DO 633 1= 2* L __ _ _ 

dtdh = < TMfl )»TM( i-i))/(H( I )-H( i -T71 
I F <DTDH)601» 602* 601 

60l pro 8 P( r-ll«(TM( I-17/TM7 I ) J»*T 00«XMD*l*OE + 0^7’('RCr«D‘T r DH)T 
GO TO 633 

60rp(l 5 « P(i-l)«EXPr-GO» XM0n,^EW7TRIl*TRrr))»TT^T^TW1771 

633 CONTINUE _ _ 

WRITE (6,68) 

68 FORMAT </ »1X,21HcaLCUUaTED QUANTITIES,/ ) 

WRITE (6*69) 

69 FORMAT ( 74X * 4HmEAN * 19X , 4HmEAi«j, / , IX , 122HHE I GHT TEMP PRESSURE D 

iENsiTY “SPEECT '' TOlECULAR " DENS NUMBER FREE VT5- WW 

2S PARTICLE COLL COLUMNAR ./.36X.86H0F SOUND WEIGHT SCAL 

3E DENSITY PATH ‘ COSITY SCALE VELOCITY FREQ “ ' ■ MASS 

4 , / , IX* 122H (KM) (K> (,MB> ( GM/CC 7 (M/SEO 

5KM ) ( PER CC7 CHT 1 E*57 TKMT'T R7SEiD”’TPER "SEC'l 

6 *7 ) 

amass-o.o 

K»1 
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NNI = NN + 1 

IENDG s KPLOP/IFLIP + (KSLOP-KFLOP?/IFLnP+( (NN-D-K5LOP)/ISU0P 
12 DO 1C N=1,NN 

M=lABS(N-l) , . 

ZZ = N - 1 

GB = GO * (RAD / (RAD + ZZ))**2 
IF (I WORLD) 731,730.731 

730 CALU_DET( ZZ , PB , T1 . TMQ , XMO . DTDZ ) 

GO TO 732 

731 CALL' BET<ZZa£B.I1»T»JQ»XM0.DTDZ> 

732 HPRES S RQ*T l/( XMO*GB ) # , 00001 
IF(ZZ-ZTEST) 701,701,702 

702 IF (BASS) 311,312*311 
312 RHBASEsRHO 
311 BASS*1.0 

zter=ztes.t+pad ... . . 

ZR=ZZ+RAD 

XERR=SQRT(ZTER **2/(HPRES*ZR) ) 

IF (XERR-3,0) 304*306,306 

304 SUM=XERR _ . . 

TERM=XERR 

DO 301_LU* iilDO .. . 

XL = LI- 
TERATE RM*(-XFRR**2)*(2«Q*XL"1*0>/(XL*(2,0*XL 4, 1i0)) 

301 SUM=SUM+TERM 

GO TO 307 . . 

306 SUM=SQRT(PH! )/2,0 

307 ERFX = 1,0-2.07 (SO RT (PH I ) >»SUM 

VERR = SQRT( ZTER **2*ZR/ ( < HPRES*ZR ) * ( 7Z+ZTER >)) 

IF_ (YERR-3.0) 308*310*310 

308 SUMB=VERR 
TERM_B = YERR_ 

DO 305 <K * 1,100 
XK = KK 

TERMB s TER' 4B*(-'YERR**2)»(2 .'0*XK- 1 0 ) 7 < Xk*T2 n>XK + l ,617 

305 SUMB s SU^B + IER m B 
GO TO 309 

310 SUMB=SQRT(PHI >7?,0 

309 ERFY=I.6-2,07(SQRt(PHi ) )*SUM b 

RHqsRHBASE«(EXP( ( -ZTER 7HPRES > • ( 1 , O-ZTEP /Zb ) ) * < 1 , 0-0 , 5*ERFX )- _S 
1QRT(i,o-Z t E r **?/zR*»2l*EX'P( (-z'TER 7HPRES ) * ( z'R7 < zR+ z f Fr >ry*Ti, 0 - 0 ' 
2,5*ERFY)- ( XERR/SQRT (PHI ) >*{ 1, 0-SQRT< 1, O-ZTgw /Zr ) > *£XP ( -ZTER /HPRE 
3S ) ) 

PB s R HO # Tl*R07(X | 4Q*1000t0) 

'701 CONTINUE 

RHQ*PB*XM0*10OQ ,Q7(R0*T1) _ 

OMEGA*RHO»GB 

HRHO = HPRE5/(l,p+R0/(XMOLW*GB) # DTDZ* ,00001 ) 
xnuMdn=xn*>b*i6o6.o/<ro*ti) 

VBaR s .01*^8._0*RO*T1/(PHI*XM0 ))*»,* 

XBaR = r 0*T ; L/(1 ,4l'4*PHi*XN : »PB *1006. 0 *( SIGMa 1**2) ) 

Z0NK = XbaR*.01 __ 

CCPP=0 . 0 

ccvyso. o . _ . . 

DO 2100 I,QV = 1,10 

CCPP=CCPP*CPSJT1 X IQV,IQF)*V0LPER( IQV)' _ 

2100 CCVV'*CCW+<CPS(fl, IQV, IQF>-i,9862'5«V0LPER< IQV) 

gamma»ccpp/ccvv 


41 



SPEED=0,01*(GAMMA*R0*T1/XMQ i**0,5 

XNU=VBAR*100,0/XBAR 

XMU=0*0 

00 1001 1 1 1=1.10 . 

IF (VOLPERdl!)) 1005.1001*1005 
10 05 SUMBl a 0._0 

DO 1002 JJJ=1*10 
IF (VOLPERUJJ)) 1191,1002,1191 
Ti9l IF (III-JJJ) 1003,1002,1003 

1003 PH-I IJ=(1.0 + SQRT(VI<T1* II I, I OF > /V I < Tl , JJJ , IQF) )_MaM< JUJ)/ aM(J 1 1 ) ) « 
1*( 1 ,0/4 , o ) )*«2/( 2 , 828427l2*SQRT< 1 , 6*^1 * I I ) /A~MTjj'jnT ~ 
SUMb1=SUMB1 + PHIIJ_*V0LPeR< JJJ>/VOLPeR< III > 

TO 02 CONTINUE" 

XMU«XMU + VI (Til 1 1 1 * IQFV<1.0 + SUMB1) 

1001 CONTINUE 
XMU=XMU».l 

XKlNslO.O*XMU/RHO*,000'Ol 
A m aSS s a v 'aSS+(10.D**5)*(RH0*XRH05**< ,5) 

XRHO=RHO 

IF (Z2-ZSL0P) 116*116,118 _ 

li'8 NQV=M/ I SLOP 

zzqv=nqv 

IF (ZZ/SLOP-ZZQV) 16,16,15 

_116 IF (ZZ-Z£LOP) 27,27,20 _ _ 

20 NM=M/IFL0P 

zzm=nm _ 

IF (ZZ/F|_OP-ZZM) 16,16,15 

27 I F (ZZ-ZFLIP) 16,16,18 _ _ _ 

18 NK = M/ IFL I P 
ZZP=NK 

IF (ZZ/FLIP-ZZP) 16,16,15 

16 WRITE (6,31) M,T1,Pr,RH0, SPEED >XNO,HRHQ,XNUmdN. ZONK, XMU,HPR£S,\/baR 
1,XNU» AMaSS 

31 F ORMAT (IX, I4,F9.1,1P2E10,2,0PFB,0,1X. 0PF8 , 1 , Q PF9 , 2 , 1P?E10 , 2 , QPF8 
1,2, 0PF7 , 2 , 0PF.6 , 0 , 1PE10 , 2 , lPEl 1 , 3 ) 

_ £T 1 ( K ) = T 1 * 1 , 8 _ _ _ .... . 

EPB<K>=PB*i 4 *7/10l3.0 

E RH0(K)sRH0*li.943 _ _ 

ESPEEDU j=SPEED # 3,28l 

EHPRESO<>=HPRFS*0. 003281 

EHRHO(K)=HRHO*0. 003281 
ENUMdN ( X ) =XNUHdN* 28320_ !l 0 
EVBAR(k)=VB’AR#3,281 
ExMU(K)=xMU*0*67i 95»3,108 
EXKiN(K)=XKIN#0, 0010764 

EZZ(K)=ZZ*0. 003281 

EXbaR<K)=XbaR*0. 03281 

EOMEGA(K)*ERHO(1)*GB/30,48 

K=K+1 

__ 15 CONTINUE 
10 CONTINUE 

__ C^ASS'A^ASS 

' CAR50N = V0L,PER(2)*CMaSS»44,Q11/(XM0LW> 

WRITE (6,50) CMaSS,caPBON 

' 50 FORMAT (/ ,TOX,16FCOUUMNaR MASS' =~ ,F"813,2X,5HGM/cc»20X,23H"c0L" 1 ^fNAR 

1 Mass FOR C02 = ,F8.3,2X,5HGM/CC> _ 

ERAD=RA0*0,621 
ECMA SS=CMASS»0. 06375 
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WRITE (6,1)NA,ME,INF,Q00QFL 
WRJTE (6,64 ) qa , T£ 

64 FORMAT (2X.23H CONSTRUCTION PARAMETERS i 26X » 17HENG INEER 

1-5HCHTE A5»A3,/// ) . 

WRITE (6,67) FP0,FT0»ERHN. V0LPER<2) «XMOLW»EGO 
67 FORM A T C2X,19HSURFACE PRESSURE = ,F8,3,9H Lb^SQ IN,5X 
lEMPERATURE = ,F5.1,2H R, 5X# 18HSURF A CE DENSITY = »1Pe9 
2U FT,//,2X,26MPER CENT CA r BON DlOXInE = » 2 Rf 5 , 1 , 10X , 1 
3EIGH? = ,0PF5,2»l3X,l«HSURFACE GRAVITY s #0PF6.2*llw' 
4//) 

WRITE (6,68) 

_WP I TE (6,62) 

62 FORMAT (86X,4WMEaN' 7 X»4HMEaN,/*2X,120HHEIGHT TEMP 

1 DENSITY SPEED 5PEC I F I C PPES DENS NUMBER 

2 FREE VIS- KINETIC, / , 33.X* 87H< SLUG/ OF SOUND 

3C4UE _ SCALP DENSITY VELOCITY PaTH cOSITY 

4 ( M 1 1_ • F T ) (R) (Lq/SQ IN) c^ FT) (FT/SEC >. 14X, 

5 (PER CU FT) (FT/SEC? (FT) (E+5)i//> 

DO 115 V=i , IENDG 

_WR I TE ( 6,65)EZZ(N) «ET1(N) ,EPB(N) ,FRHO(N) ,ESPEED(N> , 
ll-iPRES(N) ,EHPHO(N) ,EMUMdN(N),£VBAR(N) »EXBAR(N) »EXMU(N) 
ERHOiN)=ERHO(N)*10. 0**15 _ 


ING UNITS, 35>X 


,22HSURFAQE I 
• 2 » 11H SUUG/c 
RHNOLEQUI-aR w 
PT/SEcXSEC * ft 


' PRESSURE 
PARTICLE _ 
WEIGHT S 
VISC, / , 2X , 48H 
47H( N i l | FT ) 


E OMEGA ( NJLaE 

, EXK I N ( N ) 


115 CONTINUE 

65F0RMAT (2X,F7,4.Ffl-l,iPEll,2,lPEll,2,0PF9.O,lPEll,l,OPF8,3,OPF7,3, 
1 lPEll* 1 » O^F? , 0 , lPEiO * 1 , 0PF9 , 2* 1PE11 » 1 >’ 

WRITE (6,60)e?MaSS,ERaD 

60 FORMAT ( ////, 10X, 16'HCOLUMNaR MaSS = ,F6,3,llH SlUg/SQ FT , lOX » 
119HPLANETARY PaDILS =_ ,F7_.1,6H MILES) 

GO TO 25 ' " 

END 
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SUBROUTINE BET(Z,PQ»TQ.TMQ.XMQ*DTnZl 

~DTmENSI ON~ H<90 )»TM < 9Q)'» XM< 90 ) »P( 90 ) , TT90) i VlS< IoTiRaT (10 ) 
COMM ON H , TM » X M , P .GO » R AD » L *_R0 . XMOLW , T » TMQ1 * XMl * XMQi »_P1 ♦ V I S 


XMsZ*RAO/CRAD*Z) 

no j 1=2. L 
IF (H<I)-XH> i » 2. 3 


*AMU0) 


1 CONTINUE 


1 = 1-1 

IF (H<1)-XH) 4»45#4_ 


45 PQ=P(1) 
TQ a T( 1 ) 
XMQ*XM(1 ) 


TMQ=TQ»XMOLW/XMQ 


GO TO 9 
2 TQ = T( I ) 
XMQsXMT I V 


TMQ=TQ*XMOLW/XMQ 


GO TO 25 

4 DTDH=C Td+l)'' T(I))/(HUn)*H(D) 
T"Q=tCT ) +dT0H* ( XH-H (1 1 ) 

DMDH=(XM( !+l)"XM( I)) / jH( I+Dj-HU )) 
“ XMQ«Wl )*DMDH* ( XH-HTr> ) 
TMQsT Q»XMOLW/ XMQ 


25 DTDH=(TMQ-TMQ1)/(XH-XH1) 
IF (DTOM) 5.6.5 


5 p(j=pi *(TMQi /TMO >**< GO*XMQLW*if 0E + 05V<R0«DTDH> ) 
CO TO 9 


6 PQsPl •EXP(-GO»XMOLW*l,OE+05/<RO*TMQ>*<XH-XHin 
9 Tl a TMQl»X_MQl /XMOLW . _ . . _ 


DTOZ=TmO“TmQ 1 
_XHl=Xlj- 


TMQj=TM0 

XMQlsXMQ 


P1=PQ 

RETURN 


END 
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_ SUBROUT i ne_ det C Z , PQ , TO , TMQ , XMO , DTDZ > 

'DIMENSION Hf90),TN , {90>*X,M(90>*P<90),T<90)»VlS(lO)»RAT(10)»AMUO) 
COMMON H,TM#XM,P,GO.RAD»L*RO#XMOLW,r,TM01#XMl»XMQi»Pl#VIS»RAT» AM 
XHsZ*RAO/<RAD*Z> 

DO £ !=2,l_ _ __ _ _ __ ... 

IF (H< I >-XH> 1,2,3 

1 CONTINUE 
3 1*1-1 

IF (H(1?-XH) A, 45, 4 
45 PQ=P(i> 

TQ=T( 1 ) _ ; 

XMQsXM(l) 

TMQsTMt 1 ) 

GO TO 9 

2 TMQ»TM( I > 

xmq«x*v< i 

TQ = T( I ? _ __ 

PO = P ( I > 

_ GOJLO 9 

" 4 DTDH*(TM( l + i )-TM( I > >/?H( I+i)-H< I 5 >' 

TMQ*TM_< 1 )+DTDH»(XH-H< I ) ) 

“ TQ*f( I )'+(XH-H< i ) >Mt( I+i>-T< 1 > > / 1 Nt j+l>*H< P 5 

XMQ = TQ*X_MOLW/TMQ 

IF (DTDM) 5,6,5 

_5 PG=P( 1 )*(TM(J )/TMG)**( GO*XMOLW*l i0E + 05/(R0*DTDH) ) 

GO tO '9 

6 PQ = P( I )«EXP(- r, Q»XMOLW» l ,0E-*-05/(R0 «TMQ)»<XH-h( Dl) 

9 T1=TM01*XMQ1/XM0|> 

DTDZ=TM5-TMQ1 

TMQl=TMO 

XMQtf XMQ 

RETURN 

end 
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FUNCTION! OMEG (XT»_J»IQF> 

D I MEN'S ! ON H ( 90 ') , f M ( 90 ) , XM ( 90 ) , P ( $0 ) , T ( $0 > * V I S ( 10 5 1 R 4 T < ifl J * aM <10770 
1T(7),0M(7»10) 

COMMON M, TM.XM,P/GO,RAO*L»RO*XMOLW,T*TMQl»XMl,XHQi#Pl» V!S»R aT» aM 

IF (IOF) 9,8,9 
8 CONTINUE 

QT(| 5=100,0 _ __ _ 

Gif (25=200,0 
QT( 3 ) *300 • 0 
QT (4 >=400.0 
QT(5)=5Q0.0 
QT ( 6 ) =600 • 0 

.. - . 

C 0 M< ,1) IS MITROGEN (MOLECULAR I » E . N2 5. 

0 M( 1 , 15=13.36 
0 M< 2.1) =11.47 
0 M( 3 , 1 ) =9 1 60 
0 M (4,1 5*9,43 
0M{ 5, 1 ) =9 , 137 

OM ( 6 » 1 ) = 8 « 68 ” ' ' ' ' “ 

_ OM ( 7 » 1 5 =8 , 509 
c QM( 72 ) i§ CARBON DIOXIDE 
OM( 1^2) =23. 604 
OM( 2 » 2 ) =l5 , 70® 

0M(_3,2_) *13.26 __ 

0 M ( 4 , 2 ) s 1 1 , 6 2 

QM( 5 « 2 ) *|0 , 73 . _ . ..._ ...... 

OM( 6 , 2 5 *i0 . 28 

QM(7 ,25*9.83 . 

C OM< ,3) IS OXYGEN (MOLECULAR I » E » 02 ) 

_ 0 M(i, 35*16,12 _. . _ 

OM( 2. 35=11.7 

_ OM < 3 » 3 ) =10, 22. __ _ 

OM(4,3)s9,45 

QM( 5 > 3 5 =9 , 10 

OM ( 6 . 3 ) *8 , 81 

_ 0M<7. 35*6,59 . ... 

C OM ( ,4) IS aRGON 

OM( 1 «4 ) *i7 , 15 

OM( 2 » 4 ) r i2 , 58 

OM(3, 4)gi0. 75 _ 

0M(4, 4)=i0. 00 

0 M( 5 » 4 5 =9 , 65 . . .... 

QM ( 6 > 4 ) = 9 , 49 

OM ( 7 * 4 ) =8 1 86 . _ 

C 0 M( ,5) is VEON 

Q M( j , 5 ) =9 , 7 2 

OM( 2 , 5 ) =8 » 65 

0M(3.5)=8 L 239 _ 

OM( 4,95*7,903 

OM( 5i 5 > = 7 « 47Q _ . .. 

OM ( 6 » 5 ) *7 , 422 

QM(7, 5)*7, 20 3 _ 

C OM( , 6 ) IS HYDROGEN (MOLECULAR I.E. H 2 5 

OMJl, 6)*ll.04 _ 

0M(2, 6)*9.28 

OM( 3, 6 ) * 8 1 53 _ _ _ 
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0M( 4 

0*1(5 

QM(6 

0*1(7 


C 0*>< ,7) is melium 


0 * 1(1 

0 M (2 

QM(3 

'0*1(4 

0M(5 

CiM(6 

0*1(7 


C 0^< #'8>' IS W A TeR ( H20 5 


0^(1 
0 M ( 2 
0*1(3 
0M('4 
0M( 5 
6*1 ( 6 
0M(7 


6 ) =8 , 15 
6 ) =8 * 1 1 
6 ) = 7, 80 
6 ) = 7 • 52 


7)=8.13 
71=7,2 
71=6.97 
7 ) =6 . 62 
7) =6, 43 
7 1 = 6.28 
71=6,05 


81=37.27 
8 1 = 23.89 
81=20.14 
85=17.48 
81=15.92 
81=14.57 
81=13.52 


c 0 * 1 ? , 9 1 =caRr 0 *I MONOXIDE ‘ “ 

0 M( j.,9 1=15.58 
0*1(2, 91=11.27 
0*1(3, 9)»iO. 28 
0*1(4,9 1=9,49 
0*1 ( 5 , 9 1 = 9 , 05 
Q*U 6 , 9 ) -8 , 76 
0*1(7,91=8,50 

C 0 M( ,10) Is S’J(_ f UR DIOXIDE 

. Q^lil0>*2.4»21 _ ... 

0*1(2,101 = 17.96 
0*4 < 3 r 105 = 14,69 
0*1(4, 10 1=12. 91 
0*1(5,101 = 11.92 
0*1(6,101 = 11.03 
0^(7,j.0 1=10.6(1 
9 DO 1 1=1.7' ' 

IF [QT< I 1 -XT ) 1.2,3 

1 continue 

GO TO 2 

3 IF' (1-1) 6,2,6 

6 1=1-1 

omeg=(om< i+iT jy-oK( i .jn / cqt ( r+i j-qtu t ) * c xt-qk r )' ) *omc i , j> 

GO TO 4 

2 "0MEC, = 0M( j'.'j) ' 

4 RETURN 

END v ' ' 
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FU NCTION CPS (T1 L w»IQF) _ 

DIMENSION H<96)»TM<9d)*XM"<9b>#P<90>»T(96j*VlS(i6)»RAT(10j»AMUO)»Q 
IT « 7_> , CP (7. 10) 

COMMON H,TM,XM,P,GOiRAD»L>RO»XMOLW»T>TMQliXHliXMQi»Pi>VJS*RATi am 

IF ( I OF) 9,8,9 
8 CONTINUE 

QT(1) «1P0.0 _ __ _ 

QT ( 2 ) =200 » 0 
_ QT<3_)*300«0 
qt ( 4 ) ■4no, o 


QT ( 5 ) *500 » 0 
Qt ( 6 ) *600 i 0 


QT(7)*700.0 
C CPC #1) =NlTROGE\ 

CP( j , 1_) =6,9562 

C®( 2, 1 ) =6.9571 
CP(3,1) =6,9613 
CPU.l) =6 i 9910 
CP(5,1) =7,0703 
CP(6»1) =7.1968 
CP(7,1) =7.3509 
c cp< » 2 > = carbon dioxide " 
CP(1»2) =6.9806 
CP(2.2) =7,7331 
CP<3*2) =8.8942 
CP( 4 , 2 ) =9.8762 " 

CP ( 5 » 2 )_ = 10 , 664 6 
CP ( 6 , 2 ) =il . 3098 

CP_(7i2> =11,8456 

c CP< »3> s MOLECULAR oxygen 
__ CPtl»3> =6.9567 
CP(2#3> =6.9615 

CP( 3» 3 ) =7,0237 

CP<4, 3) =7,1961 

C.P15.3) '7,4315 

CP"<6,3) =7,6704 
CP( 7 * 3 ) =7.8837 
C C~P< *4) 8 ARGON 

CPt 1 » 4 ) =4,9681 

<;P(2» 4 > =4,9681 

CP(3 >4) =4.9681 

CP ( 4 , 4 ) =4,9681 
CP<5»4> =4,96«1 
CP<6#4) = 4 , 9 6 8 i 
CP ( 7 » 4 ) =4,9681 
C C p < » 5 > = NEON 

CP<i*5> = 4,9681 
CP ( 2 > 5 ) = 4,9681 
CP ( 3 # 5 ) = 4,9681 
' CP( 4 , 5 ) = 4.9 6 8l 
CP( 5 » 5 > = 14.9681 
CP( 6 # 5 ) = 4,9681 
CP(7» 5) = 4«,9681 
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c CP< *6) = HYDROGEM 

CP(1.6)=5,3934 
CPi 2 # 6 ) =6 • 5182 
CP(3,6)=6*893R 
CP (4*6)=6* 9753 
CP(5,6)=6,9932 
CP ( 6 > 6 )' = 7" , 00 91 
CP(7,6)=7,0_369 
C C p < *7) « 'HELIUM - 

CP(1»7) =4.9681 
CP ( 2 * 7") =4.96«1 
CP(3»7) =4.9681 
CP ( 4 » 7 ) =4,96^1 
CPt.5,7) =4.9681 
C P ( 6 * 7 ) =4,9681' 
pP ( 7 » 7 ) =4.9681 

c c p < * 8 > =water 

CP(1»S)=7 l 96£6_ 

C P ( 2 > 8 ) = 7 , 9 6 9 4 
CP<3»8)=8,0276 
' "CP( 4 »8) =6,1864 
CP(_5,8)=8,4161 
' _ CP(8;8)i8,6779 

Qp< 7,8) = 8 , 9571__ _ 
c c p < *9) s CARBON MONOXIDE 
CP(1»9)=6,9564 
CP< 2*9) ='6.9574 
CP<3*9)=6,9656 
CP (4 *9 r=7i 0129 

_ CP ( 5 * 9 ) =7 • 1211 
CP( 6 » 9 ) =7 , 2760 
CPJ7»9 >=7,4507 
C CP( *10) = SULFUR DIOXIDE 
CP< 1 *1Q )=8 ,_0134 _ 

CP(2»10>=8,69"48 
CP(3»10)=?,545l 
CPU, 10> = 10, '3919 
C p ( 5 , 10 > = 11 • 1292 
CP( 6 » 10 ) =11 « 7189 
CP(7, 101=12.1755 

9 DO 1 1=1,7 
_ IF (QT(I)-Tl) 1,2,3 

1 CONTINUE 
GO TO 2 

3 1=1-1 

CPS »<CP( 1+1, J)-CP< I , J> >/<QT< I+1)*>QT< I )_>*< Tl-QT ( I >J*CPU * _J> 
GO TO 4 

2 CPS=CP< L.JJ 

4 RETURN 

END 
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TABLE I. - THE LEGEND FOR THE MODEL ATMOSPHERES 


Computer printout 
heading 

Parameter 

Units 

Scientific 

Engineering 

Height 

Geometric height 

km ' 

ft x 10 6 

Temp 

i i 

Temperature 

°K 

°R 

Pressure 

Pressure 

mb 

, lb in. " 2 , 

Density 

Density 

-3 

gem 

1 slug ft 2 

Speed of sound 

Speed of sound 

1 

m sec* 

1 «. -1 
ft sec 

[ 

Molecular weight 

i 

; Molecular weight 

l 

i g(gmole)" 1 

! _i 

I g(g mole) 

1 

Dens scale 

! 

j Density scale height 

| 

km 

ft x 10 6 

Number density 

Number density 

i -3 

; cm 

! ft -3 

Mean free path 

Mean free path 

i m 

! « 

Viscosity 

Coefficient of viscosity 

( kg-m~'*'sec"'*' X 10^ 

■ slug ft’^sec” 1 x 10 5 

Pres scale 

Pressure scale height 

j km 

ftxlO 6 

Mean particle velocity 

! Mean particle velocity 

m-sec * 

ft sec"* 

Coll freq 

Collision frequency 

-1 

sec 

- 

Columnar mass 

Columnar mass 

i g-cm" 2 

- 

Kinetic viscosity 

Kinematic viscosity 

- 

0.2 -1 
ft sec 

! Specific weight 

Specific weight 

i 

i ft- 2 -2 

slug ft sec 


TABLE II. - TYPICAL CONSTRUCTION PARAMETERS FOR A 


MARS MODEL ATMOSPHERE 


Surface Boundary Conditions 


Parameter 

Symbol 

Value 

Mean acceleration caused by gravity 
at the surface 

-2 

g Q , cm sec 

375. 0 

Planetary radius 

r, km 

3381. 0 

Atmospheric temperature near 
the surface 

T, °K 

210.0 

Mean molecular mass 

m, g(g mole -1 ) 

44.011 

Atmospheric pressure near 
the surface 

P, mb 

5. 0 

COg, volume percent 

X 2 x 100 

100. 0 


Temperature and Molecular Weight Distribution 


Z, km 
14 
70 
90 
100 
110 
150 
200 
1000 


T, °K 
140 
104. 19 
91.39 
85. 0 
85. 0 
85. 0 
85.0 
85. 0 


m 


44. Oil 
44.011 
41. 05 
35. 265 
29. 48 
16.84 
16.0 
16. 0 


51 
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TABLE IB. - MODEL ATMOSPHERE FOR MARS 


MODEL ATmQSPHFRF FQR VARS 


U>"CR. 


CONSTRUCTION parameters 


SCIENTIFIC (.NITS 


DATF Q/PO/A7 










SURFACE 

PRESSURE = 

5.00 NR 

SHPFACE TEMPERATURE = 210.00 

K 

SUPFaCE DENSITY s 1.26-05 Gm/cC 

BASE OF EXOSPHERE = 4000.00(KM) 

RADIUS OF MARS = 33el.00(KM) 

MPLFCULAR WEIGHT = 44.010 

PFRCFNT NITROGEN = .0O0 

SURFACF GRAVITY =■ 375.000 CW/SEC/SFC 

pepcfnt co? = ion. non 

PERCENT 

PERCENT 

OXYGEN = 
HYDROGEN = 

.000 

.000 

PFRCFNT ARGON = TOOO 

PFRCENT HELIUM = .000 


percent neon = .non 

PEPCFMT WATER = .000 


PERCENT 

CO 

= 

.000 

PERCENT S02 

= .000 














-TEMPERATURE and 

MOLECULAR 

WEIGHT DISTRIBUTION 

' 





AT 

14.00 

GEOM. KM 

TEMPFPATURF= 

140.00 K 

AND MOLFCIlLAP WEIGHTS 44.nil0n 



at 

at 

70.00 

90.00 

GEOM KM 
GEOM KM 

TEwrFPATURF= 

tempfraturf= 

104.19 V 
°1 . 39 K 

A*'0 MOLFCULAP WEIGHTS 44.01100 
Alt mqlecuLAp wfI$ht= m .nsnon 



AT 

AT 

100-00 

110.00 

GCON KV 
GECM KM 

TEMPERATURES 

TEMPFRATURF= 

85* CO V 
05.00 V 

AND MOLECULAR weIGHT= 3*. 26500 
and MOLECl iLAp wFIGHTs 2S.ttaQ0Q 



AT 

AT 

150.00 

200.00 

GFOM KM 
GtOM KM 

T( 7 WP rR/iTURF= 
TEMPERS TURF- 

05.00 f 
05.ro K 

AND MOLFCULAP WFTGHT= 16.84000 

and molfchLAR WEIGHTS I6.nnn0n 



At 

1000-00 

GF OP KM 

tempfraturf= 

85.00 v 

and MOLFCllLAn wFIGHT= 16.00000 


CALCULATED QUANTITIES 













mf an 

MEAN 


HEIGHT 

TEMP 

PRESSURE 

"'BENS IT Y 

bPFED MOLECULAR 

OF SOUND WEIGHT 

DENS mumper 
SCALE TENSITY 

FPFE 

PATH 

VIS- PpES PARTICLE COLL 
rOSTTY SCALF VELOCITY FREQ 

columnar 

MASS 

TKfH 

n<j 

“TMFH 

( G W /CC ) 

"(MVse'cI 

IK”) (PEP CC) 

(M) 

(F+5) (KM) (M/SFC ) (PFR SFC> 

0 

5 

TT o.(5 
164.9 

5.00+00 

3.02+00 

~ T.26-05 - 
8.66-06 

7W» 4470 ~ 

217. 44.0 

14.16 TT72+17 

12.61 1.18+17 

8 • "*6-06 
1 » ??~05 

1 .06 lO.So 310. 3.00+07 

•91 Q.34 290. 2.45+07 

n.non 

5.272+00 

10 

IS 

159.9 

139.4 

1. 7(5+00 
8.74-01 

5,64-06 

3.32-06 

203* 44.0 

190. 44.0 

10. 0* 7.72+16 

7.32 4 • R 4+ 16 

1 .P7-05 
3. T 7-05 

.76 o.ll 277. 1.49+07 

.65 7.09 259. 0.16+06 

a.809+00 

1.104+01 

20 

25 

13671 

132.9 

4.28-01 

2.07-01 

1.67-06 

0.24-07 

108. 44.0 

106. 44.0 

7.18 2 • 28+1 6 

7*03 1.13+16 

6. -*2-05 
1 » 20—04 

.64 6.94 256. 4.08+06 

*68 A *79 25*. 1.98+06 

1.224+01 
1* 283+OJ 
1.313+01 
1.327+01 

-30 

35 

129.6 
12b. 4 

9.03-02 

4*59-02 

4.01-07 

1.92-07 

lh4. 44.0 

102. 44.0 

6.87 e.oq-Ms 

6.72 2.63+15 

2.63-04 
*. 48-04 

.61 6.65 250. 9.51+05 

» 5q 6.50 247. 4,50+05 

40 

45 

123.2 

120.0 

2.11-02 

9.52-03 

0.06-08 

4 . 20 -oe 

IF 0 • 44.0 

177. 44.0 

6.57 1 .24+1 5 

6.4? K . 75+ 1 4 

1.16-03 

2.61-03 

.50 6.36 243. 2.10+05 

• *6 6.21 240. 9.5P+04 

1.334+01 

1.337+01 

bO 

55 

116.0 

113.7 

4.21-03 

1.03-03 

1.91-00'" 

0.51-09 

175. 44.0 

173* 44.0 

“61 Tf 2.61 + lV 

6.1? 1.17+14 

5 • c 2-03 
1 • pu-pp 

.55 6.06 2*7. 4. *0+f)4 

.=4 5.91 234 . l.po+QU 

1 .338+01 
1.339+01 

EO 

65 

TT675 

107.3 

7.77-04 

3.23-04 

3.72-09 

1.59-09 

170. 44.0 

168* 44.0 

5.96 00+13 

5*01 2.1P+13 

2. 03-0? 
6-62-02 

•5p *.77 ?31. 8.14+03 

.*1 *.62 227. 3.4T+03 

l.?3°+m 

1.T39+01 

f 0 
75 

104.2 
10 1.0 

1.31-04 

5. 22-15 

6.65-10 

2.69-10 

Ytbl 4470 

165. 43.3 

5 . 66 n. 1 n+i? 

5.4° "* . 70 + ip 

1.K0-O1 

3.P5-01 

• «0 *.47 224. 1.41+03 

_ .40 5.41 ???. 5.77+02 

.4r *.34 2?l.‘ 2.33+02 

•47 5.27 ? 1 9 . 9.33+01 

1.330+01 

1.339+01 

ao 

85 

97.0 

94.6 

2.06-05 

8.02-C6 

1. 0B-10 
4.26-11 

163. 42.5 

163. 41.8 

5*4* 1.52+12 

5 » 36 £.14 + 11 

9 . 4 5-JO 1 
2.35+00 

1.339+01 
1.339+01 
1.339+01 
1 .339+01 

^0 

95 

’ 91.4 
80.2 

3» 09— C6 
1. 20-nfc 

r.67-n 

6.26-12 

160. 41.0 

163. 50.2 

5.30 2.46+11 

5«? p t'.po+jo 

*.00+00 
1 .46+01 

.46 *.?0 217. 3 , 69 + 0 l 

.45 5.42 221. 1.52+01 

100' 

llo 

85.0 

tib.O 

4.08-07 

9.70-00 

2.44-1? 

4.05-13 

166. 35.3 

102. 29.5 

5. 4 p 4.16+10 

6.03 0. 26+09 

3 . 47+01 
1 .74+0? 

.44 *.66 226. 6. c 2+f)0 

.<14 6.02 247. 1.47 + 00 

1.339+01 

1.33°+01 

120 
130 
1 4n 

85.0 " 
85.0 
ms . n 

2.43-06 

7.18-09 

9 . 49-na 

9.04-14 

2.35-14 

-7 . n^-i c; 

TZT. 2673 

266* 23.1 

■>o i . on . n 

7704 p. 97+09 

7.06 f.1 2+0R 

flTST . -i* nn 

6.06+02 
2. -*6+03 

.44 7.60 262. 3.76-Ot 

.114 p *79 27°. 1.10-01 

1.339+01 
1. 339+01 


150 6b*0 1*02-09 15 241* 16*8 9*9° r,fi*+ri7 1 •£6*04 *<i'i 127, l # Of,«nP 1*739+01 



TABLE m. - MODEL ATMOSPHERE FOR MARS 


CONTINUED 


160 

85.0 

q. u 1 -jo 

1 • 2p— 15 

■'! p. 

16.7 

1 ?.?- 

’ . ni,-*n7 

7 ,j*r + 0 u 

0.7C+04 

1 . n 4 + n c 

•«.4 

.44 

12 . «n. 
12.60 

7?q. 

7’0« 

8.76-03 

7.05-0’ 

1 . 33°+01 
1.739+01 

170 

180 

bb.O 
ob • 0 


<**73- It, 

•'<« 3 . 

16.5 

16.3 

1 2 . 44 
1 ’. 6 ’ 

1 .7’ + <V7 
-» . nc + nA 

190 

bb.O 

4.25-11 

‘-.71-17 

■*46* 

16.2 

1 2 « n ’ 

■*. 6 ’ + r 6 

7 . on + f|c 

.44 

I’.PO 

334. 

0 . ’7-04 

1 t ^o+ni 

200 

85.0 

l» uft -U 

i , . <*6- 1 7 

. .^.7* 

16,0 

13.™* 

1 , 6 oM 

f' . c 4 + p t; 

. *44 . 

n .21 

335. 

3 «°3-04 

1 . 339+01 

210 

6 b. 0 

Q. ' 1—12 

2.11-17 

; 4 7 ♦ 

16.0 

33.0^ 

-.0^+08 

1 • °? + 06 

.44 

1 ’.2” 

’36. 

1.05-04 

1 . 730+01 

220 

bb.O 

4 * 09—12 

r,,i,6-l£ 

7. 

16,9 

13.36 

’ .7|i + p^_ 

3. f,c - + p6 






230 

85.0 

2 

4.72-] 0 

2' 1 7* 

16.0 

13*44 

1 ,70 + lv; 

°.i?+P6 

.44 

1 ’ » 4 4 

73 c. 

4.17-06 

1 . 739 +m 

240 

65 . 0 

0 »°2-l 3 

2 *2 r '-l8 

"<* 7. 

16.ii 

13.51 

n .4C + 04 

1 .’1+p7 


t 7.ci 




250 

bb.O 

4.74-13 

t .07-18 

?« 7 • 

16.0 

13. ^ 

/■ . f>u + 04 

i. er 7+07 

.44 

1 7 , Co 

’76. 

9.4 0—06 

1 . 739+01 

2t>0 

ob. 0 

2*28-12 

c. 1 5- lb 

2'* 7. 

—16*11 

— iiiflfL.. 

*,Qn4 04 

7,/!3+p-7 

*44 

1^.66 

’36. 

4.51-06 

1 . 339 +m 

270 

ob.G 

1.10-13 

2*46-19 

”*7. 

J 6.0 

13. ’3 

r . 74+03 

1 . C 4 + 0 P 

.44 

1^.77 

’30. 

2.17-00 

1 . 739 +m 

280 

65.0 

5 • 7.0-1 4 

1 *21-19 

■47. 

16. n 

13.51 







1 . 339+01 
1 . 339 +m 

290 

ob.O 

2.56-14 

1 *63-20 

^47. 

16.0 

13.0°~ 

n ,pr +03 

6 .Cf +pp 

.44 

1 T .pn 

330. 

5.U-07 

300 

85.0 

1 * c 6-14 

.24-20 

2 '*7 • 

16. n 

13.06 

1 .*7*07 

1 .7C + PO 

*44 

l"' * °6_ 

77C. 



310 

6b. P 

6*15-15 

1.39-20 

' , 47. 

16.0 

14.04 

r . pii + rp 

r.’6+no 

.44 

14,04 

370. 

1.22-07 

1 . 339+01 

320 

85. 0 

3*02-lJ). 

( .44-21 



14.11 

p . c fi + n 0 







330 

bb.O 

1*49-15 

2 • 3<«-?l 

'4 7. 

16.0 

14.10 

1 .?’+r? 

1 I 13+10 

.44 

1 *> . 1 a 

’36. 

2. 06-00 

1 . 739+01 

340 

db.Q 

7*36-16 

1 . p7-2 1 

:_'.7. 

]6.n 

14.27 

6 . 1n4 n 1 







350 

bb.O 

3-67-lb 

••'*31-22 

•>47. 

16.0 

14.34 

1 7+nj 

4.f l + ip 

.44 

J4 .34 

77C, 

7 .2fl—nq 

1 . 739 +m 

360 

85.0 

1*83-16 

fuaJJt zZZ 

24 7. 

16.0 

14.42 

1 . 6f +01 

”. 24+ 1 n 

.44 


776. 



370 

flb.O 

9*17-17 

2*08-22 

"47. 

16.0 

14 .cn 

7.01 +PO 

1 . 04+11 

.44 

14.60 

3’5 • 

t. 02-09 

1. ’39+01 

380 

ob.O 

4.61—17 

1.34-? 2 

>4 7 . 

16.0 

14 .cn 

_7 .97+0 0 _ 

"'• A 7 + J1 

.44 

1.4 » 6 0 

77C . 


1 _ iiai n 1 

390 

85.0 

2*22-17 

‘•*26-2 3 

7*i-7 . 

’6.0 

14 »6 K 

1 .Qn+pn 

7.00+11 

.04 

14.66 

’36. 

4.61-10 

1 . ' J«+U 1 

1 .339+01 

400 

bb.O 

1*14-17 

2 • bt>-?3 

247. 

16.0 

14.73 

1 .OP + OQ 

_1 .44+1? 

* 44 

14*73 

77 c , 


1 . iiaxn 1 

410 

85.0 

5*98-1 fa 

1.35-23 

9 '>7. 

16.0 

14.41 

r.’m-pj 

2.03+12 

.44 

14.01 

77 c. 

1.19-10 

1 .739+01 

420 

85.0 

3*05-16 

h. «0-24 

°47. 

16.0 

14.0° 

2 . 00-01 

r • cc + 1 ? 

.44 

1 4 .fln 

77 c . 

6 . nc_i 1 

1 .779+01 

430 

85.0 

1*56-18 

7.53-24 

'>4 7. 

16.0 

14.97 

1 ■ 33-0 1 

1.00+1’ 

■44 

14.97 

77 c, 

7.09-11 

L*_iikJ2 T UJ._ 

1.330+01 

440 

bb.O 

8*01-19 

1.51-24 

24 7. 

16.0 

15.04 

(■ « 0 T — pp 

2.11+17 

.44 

1 K . 04 

’’6 . 

1 . qo-i 1 

1 . 779+01 

450 

85.0 

4*13-19 

9.35-25 

24 7. 

16.0 

15 . n 

7 . cp_np 

4 , 1 P+ 1 7 

.44 

1 c . 1 2 

776. 

ft.tq-l? 

1 .739+01 

460 

85.0 

2*13-16 

4.63-26 

’47. 

16.0 

15*’ n 

1 .np-pp 

’.”2+1 7 

. 4 4 

16.20 

77C , 

4 .27—1 0 


4T0~ 

85.0 

1*11-19 

2*51-25 

24 7". 

16.0' 

15. 2* 

0.44-03 

1 * c 3+ 1 4 

.44 

l c .2o 

’36. 

7 • r J— J 2 
2.20-12 

1.339+01 

480 

85.0 

5*77-20 

1 • 31-25 

2 47. 

16.0 

15.36 

4 .91-07 

’ • n 3 + 1 4 

.44 

1^,76 

’36. 

1.14-12 

t . 77q+oi 

4^0 

85.0 

3*01-20 

( *02-26 

247. 

16. n 

15.44 

2 .P-7-03 

‘'.61+14 

.44 

1^.44 

7’ c . 

6.97—1 ’ 

1 *339+01 

500 

85.0 

1*58-20 

7.58-26 

’4 7. 

16.0 

15.5’ 

] • ’ c— p 3 

1 .07+15 

.44 

16.62 

77 c, 

3 • 13—13 


550 

85.0 

6 • 56-22 

1 *4°-?7 

247. 

16.0 

15.9? 

co-06 

P.^P+lb 

.44 

1 K .92 

’35. 

1,70-14 

1 ,73q+ni 

600 

85.0 

2*95-23 

6*69-29 

’47. 

16.0 

16.37 

p. cp-06 __ 

^.73+17 

• 44 

16 ,37 

77 c , 

5 . 06—16 


650 

85.0 

1*44-24 

3*25-30 

247. 

) 6.0 

16.74 

t * ’?-07 

1 • 1 0+19 

.44 

16.74 

7’0. 

2.05-17 

1 . 339+01 
1.739+01 

700 

85.0 

7*52-26 

1*70-31 

’47. 

16.0 

17.16 

0.41-09 

2.26+20 

.4/1 

17.16 

77 c . 

1.40-10 

1 .779+01 

750 

85.0 

4*23-27 

Q.57-33 

247. 

16.0 

17.60 

7.60-10 

4 . op + 2] 

.44 

17.50 

736. 

0.30-20 

. — — i til J- T U1 

1 . 339+01 

B00 

bb.O 

2*55-20 

5 * 76-34 

24 7. 

16.0 

IB. PI 

2.17-11 

6 . 64+22 

.44 

J. p • 0) 

375. 

5 ,00-21 

1 • 739+01 

850 

85.0 

1*64-29 

7.71-35 

29 7. 

16.0 

3 8 . 4 C 

1 .Un-J? 

l.n7+?4 

.44 

10.46 

""’35. 

7. 26-22 

1 .739+01 

900 

85.0 

1*12-30 

2* ^5-36 

247. 

16.0 

18. PP 

a 

7 

0 

c 

1 ..‘io+as 

• 4 ( L 

1_P ,QO 

336 • 

2,27—23 


950 

85.0 

8*21-32 

1 *86-37 

’47. 

16.0 

19.33 

7.00-15 

? .06+26* 

.44 

19.37 

’36. 

1.67-24 

1 *339+01 
1.339+01 

1000 

85.0 

6*36-73 

1 .44-38 

247. 

16.0 

19. 7P 


2.66+27 

.44 

10.70 

335t 

1 * 26-25 _ 

1 .330+01 


CQlUMrAR vflSS F CR CO? r PM/CC 


COLUMNAR {-ASS = 13.396 GM/CC 
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TABLE IB. - MODEL ATMOSPHERE FOR MARS - CONTINUED 



MODEL atmosphere TOP *A rs 

) OWEP 


CONSTRUCT ION PARAMETERS 

ENGINEERING (rITS 

PATF 9/20/67 


SURFACE PRESSURE = .073 LR/SO IN 

SURFACE temperature = ^7fl , o n 

SUPFaC 6, DFmSITY = 9 . 49-00 SLMG/Ctf ft 


PER CENT CARBON DIOXIDE - 100.0 

MOLECULAR WEIGHT = 44.01 

SIJPPACF GRAVITY = l?'.3n FT/SEC/SEC 


CALCULATED quA'N t i i 7E5 


HEIGHT 

TEMP 

PRESSURE 

density 

speed 

SPECIFIC 

Pt?E5 

DFN9 

NT (MRfR 

MEAN 

HAPTrCLE 
VFLOCITY 
_ ,(FT/5FC ) 

vfan 

free 

PATH 

(FT) 

VIS- 

COSITY 

<F+5> 

KINETIC 

vise 

(MIL. FT) 

(R> 

(LR/SG IN) 

l SLUG/ 
CD FT) 

OF couND 
CFT/SFC) 

V/FIGHT 

coalp 

(MIL 

SCALF 

FT) 

DENSITY 

(PFPClJFJ} 









.0000 

378.0 

7.26-02 

2745-03 

756- 

3.0-04 

.035 

.046 

4.a+?l 

1047. 

?.7-06 

?.?? 

9-1-03 

.0164 

332.9 

4.39-02 

1.68-05 

913. 

3.0-04 

.OM 

.041 

3 . 4+21 

079. 

4.0-05 

1.91 

1-1-02 

“ -CT328 

28T.9 

2.47-02 

1 . iO-OS 

666. 

3.0-04 

. 0?7 

.036 

2.2+? 1 

9 1 0 * 

6.1-0* 

1.59 

1.5-02 

.0492 

250.8 

1.27-02 

6*45-06 

624- 

3.0-04 

.0?7 

.024 

1.3+21 

849. 

t *0“ n 4 

1.36 

2.1-02 

• 0656 

245.0 

3^22-03 

3.24-06 

MT4 

37o-04 

.023 

• a 24 

6.5+20 

040* 

2*1-04 

1.33 

4.1-02 

.0820 

239.2 

3.00-07 

1.60-06 

610- 

3.0-04 

* 0?2 

.023 

3.2+20 

030. 

4 . ?— 04 

1*79 

p. 1-02 

• 0984 

233.4 

1743-03 

7.80-U7 

607, 

37n-04 

.029 

.023 

1.6+20 

A1 Q. 

A. A-04 

1.27 

1.6-01 

.1148 

227.6 

6.67-04 

3.74-07 

*°6- 

3 ■ 0— 04 

.021 

.A?? 

7 . 5+10 

809. 

l.p-03 

1 .?4 

3.3-01 

.T312 

22l.8 _ 

3.06-04 

1.76-07 

909. 

2.9-04 

.021 

.0?? 

7.6+ ] Q 

799 . 

3.P-03 

1«21 

6.9-01 

.1476 

216.1 

1.38-04 

0.16-04 

582- 

2.0-04 

.o?o 

.021 

1.6+19 

708- 

A. .2-03 

1.1A 

J .4+00 

.1640 

210.3 

6*12-05 

3.71-04 

*74- 

2.0-04 

.020 

.021 

7.4+1 0 

770. 

1.8-02 

1.15 

3.1+00 

.1805 

204.6 

2.65-05 

1-65-08 

567. 

2.9-04 

.019 

.020 

3.3+10 

767. 

4.1-02 

1.1? 

6.0+00 

. 1969 

198.9 

1.13-05 

7-23-09 

559- 

2.9-04 

.019 

• 02 n 

1.4+1 A 

758* 

9.3-02 

1.09 

1.5+Ot 

.2133 

193.2 

4 ■ 68-06 

3-09-09 

551- 

2.9-04 

.010 

.019 

6.2+17 

740. 

2.2-01 

1.07 

3.5+01 

“.2297 

187.5“ 

i. gfl-06 

1-29-09 

544. 

2.9-04 

.01 A 

.019 

? • 6+1 7 

735* 

5 . ?— 01 

1.04 

8*1+01 

.2461 

181.8 

7.57-07 

5.22-10 

540 . 

2.9-04 

.OlA 

.01 A 

1.1+17 

729. 

t..3+on 

1.01 

1.9+02 

.2625 

176.0 

2.99-07 

2. 09-10 

536- 

2.9-04 

• 0 1 A 

.nip 

4*3+16 

724. 

7 . 1 +no 

.99 

4.0+02 

.2789 

170.2 

1.16-07 

8.28-11 

*35- 

2.9-04 

.017 

.018 

1 .7+16 

71R. 

7.7+00 

.90 

1 .2+03 

.2953 

164.5 

4.48-08 

3.24-11 

525 • 

2.9-04 

.Of? 

.817 

6.9+15 

71?. 

l .0+01 

.96 

3.0+03 

.3117 

158.7 

1.75-08 

1.22-11 

535 . 

2.9-04 

.OlA 

.017 

2.0+15 

726* 

4.8+01 

.94 

7.0+03 

“ .3281 “ 

153.0 

77 08 -09 

4773-12 

546. 

2.0-04 

.019 

.010 

1.2+15 

741 • 

1.1+02 

.93 

?.n+04 

.3609 

153.0 

1.41-09 

7.86-13 

■ 507. 

? .0-04 

.02? 

.020 

? » 3+ 1 4 

fill.* 

5.7+0? 

• 93 

1.2+05 

.3937 

' i53.<T 

3 -“S3- IP 

1.76-17 

A3 3. 

?, A-04 

.025 

.0?? 

5.R+13 

85p. 

?«3+03 

. 93 ' 

5.3+05 

.4265 

153.0 

1.04-10 

4.57-14 

675. 

2- 8-04 

.029 

.026 

1.7+13 

915. 

7.7+03 

.93 

2.0+06 

“ * 4593 “ 

153.0 

= 3*62-11 

17' 37- 14' 

7?6. 

2.0-04 

.034 

• 0?9 

6.0+1? 

90s* 

2.2+04 

• 93 

6.0+06 

.4921 

153.0 

1.47-11 

4.71-15 

790. 

2. P-04 

.040 

.033 

2.5+12 

1077. 

6.5+04 

•93 

2.0+07 

.5250 

' T53.0” 

6.54-12 

27 07-1^ 

79 U. 

2.7-04 

.041 

.040 

1.1+12 

1070. 

1.2+05 

.97 

4.5+07 

.5578 

153.0 

2*94-1? 

9.19-16 

7oq. 

2-7-04 

.041 

.041 

4.9+11 

1004* 

2.7+06 

• 93 

1*0+08 

r5906^“ 

153.0“ 

1.34-12 

4.14-16 

803. 

2.7-04 

.04? 

.041 

2 . ?+ 1 1 

lOflq* 

6.0+06 

.97 

2.?+O0 

.6234 

153.0 

6.16-13 

1.89-16 

007- 

2.7-04 

.04? 

.04? 

1.0+11 1099. 

1.3+06 

.93 

4.9+00 

T5562 

~T33To 

2-87-13 

8.71-17 

All. 

277“- 04“ 

. 04“' 

.043 

4 . 8 + 1 n 

lino- 

2.8+06 

.97 

1 . 1+09 

.6890 

153.0 

1.35-13 

4-09-17 

All. 

2.7-04 

.044 

. 044 

2 .?+in 

lion. 

6.0+06 

. 0 7 

2...3+09 

“ .7218 

153 . o“ 

6-38-14 

1.93-17 

All. 

P.7-04 

.044 

.044 

l.l+JO 

linn- 

1*3+07 

• 97 " 

4.0+09 

.7546 

153.0 

3.02-14 

9. 16-18 

811. 

2.6-04 

.044 

.044 

6-0+00 

lion. 

2.7+07 

.93 

1 .0+10 

.7874 

' 153.0“ 

1-44-14 

4.3o-l« 

All* 

2.6-04 

. 044 

• 044 

2.4+09 

1100. 

5.6+07 

.93 

2.1+10 
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.8202 

153.0 

6.88-15 

2.09-18 

811. 

2.6-04 

.045 

.045 

1 . 1 +po 

linn. 

1 . 2 +Qfi 

.93 

4.4+10 

.8531 

153.0 

3-30-15 

1.00-18 

Ml* 

?.6-04 

.048 

.043 

5.5+08 

lino. 

2.4+08 

.93 

9.3+10 

.8859 

153-0 

1 . 59-15 _ 

4.82-19 

PI 1 . 

_ ,2*6-04 

.045 

. 048 

p.6+nn 

linn. 

6 . 1 +8P 

.9’ 

1 .o+ll 

.9187 

153.0 

7.70-16 

2.37-19 

nil . 

2.6-04 

.045 

.043 

l .’ + 0p 

1100 . 

1.0+09 

.9’ 

4.0+H 

.9515 

153.0 

3.74-16 

1.13-19 

M 1 . 

2.6-04 

.046 

.046 

6.7+07 

non. 

_ 2...2+09 

.°3 

8.2+11 

.9843 

153.0 

1.02-16 

5.57-29 

nil. 

2.5-na 

.046 

.046 

7.0+07 

110(1. 

4.4+09 

.93 

1.7+12 

1.0171 

153-0 

8.92-17 

2.71-20 

Pll* 

? . 5—04 

*H4£, 

,046 

. 1.5+07 

lion. 

9.0+09 

.97 

7.4+12 

1.0499 

153.0 

4.39-17 

1.33-20 

nil . 

2.3-04 

.045 

.046 

7. ^+06 

lion* 

1.8+10 

.97 

7.n+l? 

1.0827 

153.0 

2.16-17 

6.5o-2l 

ell. 

2.5-04 

.047 

• 047 

7.6+06 

1 1 on. 

3.7+10 

.93 

1 .4+1 7 

1.1155 

153.0 

1.07-17 

7.25-21 

Oil. 

2.5-04 

. on? 

. 047 

1 .P + Oft 

lion. 

7.5+in 

.93 

2.Q+13 

1.1483 

153.0 

5.33-18 

1-61-21 

nil . 

2.5-04 

.047 

.447 

R.o+05 

non. 

1 . 5+11 

.93 

5.7+13 

1.1812 

155.0 

2.66-18 

8.05-2? 

nil. 

2.3-04 

.ou*’ 

.047 

4.4+06 

1100. 

3.0+11 

.93 

1.2+14 

1.2140 

153.0 

1*33-18 

4.03-2? 

nil. 

2.4-04 

.048 

.048 

? .2 + 05 

1100* 

6.1+11 

- .93 

2.3+14 

1.2468 

153.0 

6**>9-iq 

2.03-28 

nil. 

2 <4-04 

.048 

. 04P 

1.1+08 

linn. 

1*2+12 

.93 

4.6+14 

1.2796 

153.0 

3.37-m 

1.02-2? 

“11 • 

2.4-04 

_*.Q4P 

.040 

5.6+04 

lion. 

2.4+1? 

,93 

9.1+14. . . 

1.3124 

153.0 

1.71-10 

5.18-2'' 

mi . 

2.4-04 

.04n 

.048 

2 ? 0 + 04 

lion. 

4.7+1? 

.93 

1.8+15 

1.3452 

153.0 

8.68-20 

2.62-27 

mi . 

2.4-04 

.040 

.04° 

l *_4 f n 4 

non. 

9.. 3 +12 . . 

_ .93 

3.5+15 

1.3780 

153.0 

4.42-20 

1.34-2-* 

mi. 

2.4-04 

.040 

• 04° 

7.4+on 

imp. 

1.8+13 

.93 

6*9+15 

1.4108 

153.0 

2. 26-2 0 

6.36-24 

_ Ml-.. 

2.4-04 

.049 

.04° _ 

’.P+03 

1 1 no. 

3.6+13 

.93 

1 .4+16 

1.4436 

153.0 

1.16-20 

3.5*1-24 

Ml. 

2.4-04 

.04" 

.04" 

1.9+0’ 

lino. 

6.9+13 

.93 

2.6+16 

1.4764 

153.0 

5.99-21 

1.82-24 

mi. 

? * T -04 

.038 

. 038 

1 .0 + 03 

non. 

1 .i+iii 

»_q3_ 

5j»1+16- - 

1.5093 

153.0 

3.10-21 

9.3 u -28 

M) . 

2.3-04 

.038 

■ 050 

5.2+0? 

lino. 

2.6+14 

.93 

9.9+16 

1.5421 

153.0 

1.61-21 

4.87-23 

°1 1. 

2.3-04 

. Q3p 

.088 

. -2..7+02 . 

non. 

. 5*0+14 

*93 

1.9+17 

1 *5749 

153.0 

8*37-2? 

2 .31+— 23 

nil* 

? .7— 04 

.0*9 


1 .4+n? 

lion. 

9*6+14 

.93 

3.7+17 

1.6077 

153.0 

4.37-22 

1.22-23 

mi. 

2. j-04 

.£5i__ 

.03] 

7.3+01 

11 90. 

1*8+15 

• 93 

7.0+17 

1.6405 

153.0 

2*29-2? 

6. "5-2 6 

nil. 

2. ’-04 

.031 

' .031 

3 *P + oj 

1 1 op . 

3.5+15 

,07 

1 .3+18 

1.8045 

153.0 

9.52-2*1 

7 . 89-27 

nil. 

2.2-CJ4 

.052 

,03? 

1.6+00 

linn. 

8.5+16 

.97 

’*?+l9 

1.9686 

153.0 

4.29-25 

1.30-2’ 

nil. 

2.2-04 

.n c a 

,851 

7.1-0? 

1 mo* 

i.q+m 

.07 

7.1+20 

2.1326 

153-0 

2.00-26 

6.32-30 

Ml. 

'2.1-04 


,038 

•* , Cj-8-* 

lino.* 

3.Q+1 a 

.07 

1 .5+22 

2.2967 

153.0 

1.09-27 

7.71-21 

Ml . 

2.1-04 

.0*3 

,03e" 

"l .8-04 

unn* 

7.4+20 

.97 

2.8+23 

2.4607 

153.0 

6.13-2° 

t.8f -?" 

ol 1 • 

?.o-04 

• 03P 

. 83" 

1.0-03 

linn* 

l.’+2? 

.93 

5.0+24 

2.6248 

153.0 

3.79-38 

1.12-37 

Ml* 

2.0-04 

.0*0 

_ »"08o~ 

6.1-07 

lion. 

2.2+23 

• Q 7 

8.3+25 

2.7888 

153.0 

2.38-3’ 

7.2l-3 c 

PI 1 • 

1,0-04 

.061 

.061 

4 , 8-op 

non* 

3.4+24 

*°3 

1.3+27 

2.9529 

153.0 

1.67-30 

4.9* -38 

nil . 

1.0-04 

. 062 

.Ofin 

?,7_nn 

imn. 

4.0+25 

.OT 

1 .9+28 

3.1169 

153.0 

1.19-33 

7.61-37 

Ml* 

) ,0-84 

.06-* 

* 06’ 

? • o-j n 

imp* 

6.8+26 

.97 

2.6+29 


column ap '-ass = .p 8 i, SLoo/qr pj pl^netaVy ta^ti's = 7000.6 wtL re ; 
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TABLE IV. - MODEL ATMOSPHERE FOR EARTH 


model atmosphere for farth 


U.S.1962 


CONSTRUCTION PARAMETERS 


SCIENTIFIC UNITS 


DATE g/?0/67 


SURFACE PRESSURE = 1013.25 N B SURFACE TEMPERATURE = 208-15 K SURFACF DENSITY ~s l".~?2-03 GM/CC 

BASE OF EXOSPHERE = 4000.00 (KM) MOLECULAR WEIGHT s 20*953 SURFACF GRAVITY = 980 *£65 CM/SEC/SEC 


RADIUS OF EA^tH 

“= 6378.40 (KM) 

PFRCENT NITROGEN = 

70.080 

PERCENT CO? = .030 

percent oxygen 

= 20.950 

PFRCENT ARGON = 

.930 

PERCENT NEON = .000 

PERCENT HYDROGEN 

= .000 

PFRCENT HELIUM s 

.000 

percfnt water s .000 

PERCENT CO 

= .000 

PFRCENT S02 = 

.000 



I tMFtKATURE AND MOLECULAR WEIGHT DISTRIBUTION > 


AT 

— 11. Off 

GEOP Kfl 

temperature — 

216.65 

k 

AMD 

molecular 

WEIGHT= 

20.96440 

AT 

20.00 

GFOP KM 

TEMPFRATURFS 

216.65 

K 

AMD 

MOLECULAR 

weights 

28.96440 

AT 

32.(50 

GF OP kM 

“ TEMPFRATURFS ‘ 

220.65 

K 

AMD 

MOLFCULAR 

WFIGHT= 

28.96440 

AT 

47.00 

GEOP KM 

TEMPERATURE 

270.65 

K 

AMD 

MOLECULAR 

WFlGHT= 

2" ■ 96440 


^ 

52-00 

GEOP KM 

TEMPERATURES 

270.65 

K 

AMD 

MOLFCULAR 

WFlGHTr 

20.96440 

AT 

61.00 

GFOP KM 

TEMPFPATUR^s 

252.65 

K 

AMD 

MOLFCHLAR 

WIGHTS 

28.96440 

AT 

79.00 

GFOP KM 

temperature 

180.65 

K 

AND 

MOLECULAR 

WFIGHTS 

?P. 96440 

AT 

90.00 

GEOM KM 

TEMPERATURES 

100.65 

K 

AMD 

MOLECUL AR 

WFIGHTS 

28.96440 

AT 

100.00 

GEOM KM 

TEMPERATURrs 

210.82 

K 

AMD 

MOLECULAR 

WFIGHTS 

28.R7777 

AT 

110.00 

GF OM KM 

TEMPEPATURFs 

257.00 

K 

AMD 

MOLECULAR 

WFIGHTS 

28.55880 

AT 

120.00 

GEOM KM 

tempfraturfs 

349. d 9 

K 

AND 

MOLECUL AR 

WFIGHTS 

28.06812 

AT 

150.00 

GF OM K« 

TEMPERATURES 

p 92 • 79 

y 

AMD 

MOLECULAR 

WFIGHTS 

26.91030 

AT 

' 160.00 

GEOM KM 

TEMPFRATURFS 

1022.20 

V 

AMD 

MOLFCULAR 

WFIGHTS 

26.66773 

AT 

170.00 

GEOM KM 

TEMPFRATURF= 

1103.40 

K 

AMD 

MOLECULAR 

WEIGHTS 

26.39040 

AT 

“ 190-00 

GEOM Ku 

TemperaTurf= 

1205. UO 

K 

AMD 

MOLFCULAR 

WFIGHTS 

25.84954 

AT 

230.00 

GEOM KM 

TEMPERATURES 

1?22.30 

K 

AMD 

MOLECULAR 

WFIGHTS 

PO.6990R 

AT 

300.00 

GF OM KM ” 

‘ TEMPFRATURFS 

1032.10 

K 

AND 

MOLECULAR 

WFIGHTS 

??. 66P57 

AT 

400.00 

G r OM KM 

TEMPFRATUR r = 

14fi7.H0 

K 

AND 

MOLECULAR 

WFIGHTS 

19.93921 

AT 

500.00 

GEOM KM 

TEMPFRATURFS 

1099.20 

K 

AND 

MOLECULAR 

WFIGHTS 

17.R3875 

AT 

600.00 

GECM KM 

TEMPERATURES 

1606.10 

K 

AMD 

MOLECULAR 

WFIGHTS 

16.83074 

AT 

700.00 

GEOM KM 

TEMPFRATURFS 

1507.60 

K 

AMD 

moleculap 

WFIGHTS 

16.16897 

AT 

1000.00 

GEOM KM, 

TEMPFRATURFS 

1507.60 

K 

AND 

MOLECULAR 

WFIGHTS 

lA.oonon 

CALCULATED i 

QUANTITIES 










MFAN MEAN 


HEIGHT 

TEMP 

PRESSURE 

OFNSITY 

SPFED 

MOLECULAR 

DENG 

t UMPER 

FPEF 

VIS- 

PRF5 

PARTTCLF 

COLL 

COLUMNAR 





0+ SOUND 

WEIGHT 

SCALE 

DENSITY 

PATH 

COSITY 

SCALF 

VFLOCITY 

' FREO 

MASS 

(KM) 

(K) 

(MB) 

(GM/CC) 

(E/SEC) 


(KM) 

(pFP CO 

(M) 

(F+5 > 

<KM? 

JM/SECJ 

(PER SEC) 


0 

288.1 

1.01+03 

1.22-03 

340. 

29.0 „ 

10.42 

2.6 R +19 

6.67-00 

1.85 

8.43 

45° • 

6. 08 + 09 

o.ooo 

5 

255.7 

5740 +“02"" 

7.36-04 

321. 

29.0 

9.26 

1 .63+19 

1. J 1-07 

1.65 

7.50 

432* 

3.90+0° 

4.R21+02 

10 

223.3 

2*65+02 

4.14-04 

300. 

29.0 

0.10 

P.60+ia 

1.90-07 

1.46 

6.56 

404. 

2.04+09 

7.635+02 

15 

216.6 

1 . 21+62 

1.95-04 

295. 

29.0 

6.37 

0 .05+18 

4.PO-07 

1.4? 

6.37 

5gfi, 

9.49+00 

9.106+02 

20 

216.6 

5.53+01 

0.09-05 

?95, 

29.0 

6.38 

1 .«5+10 

9.19-07 

U*2- 

6.38 

390. 

4,33+00 

9.700+02 

25 

221.6 

2.55+01 

4.01-05 

?°p * 

2 q • 0 

6.35 

8.33+17 

2. 04-06 

1.45 

6.54 

402. 

1.97+00 

1.009+03 

30 

226.5 

1.20+01 

1.84-05 

■*02. 

29.0 

6.50 

3*03+17 

4.44-06 

1 .48 

6.69 

407. 

9.17+07 

1 » 0PP + 03 

35 

236.5 

5-75+00 

8.46-06 

300. 

29 To 

”6.47 

1 .76 + 17 

9.65-06 

1.54 

7,00 

416. 

4.3t+07 

1.029+03 

40 

250.4 

2.07+00 

0.00-06 

317. 

29.0 

6.86 

P. 31+16 

2.04-05 

I .62 

7.4_2_ 

428. 

2 , 00+07 

1.03P+03 

45 

“264.2 

1.49+00 

1.97-06 

326. 

29.0 

7.2* 

4.09+16 

4.16-Q5 

1.70 

7.04 

439. 

1.06+07 

1.033+03 

50 

270.6 

7.98-01 

1.03-06 

330. 

29.0 

8.06 

2. 13+16 

7.96-05 

1.74 

8.0* 

44*. 

5.59+06 

1.034+03 

55 

265.6 

4.27-01 

5.61-07 

327. 

29.0 

0.40 

1 .J7+16 

1 .86-04 

1*71 

7.91 

441. 

3.02+06 

1.034+03 
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60 

255.8 

2.2*-" 1 

5, . 0^-"7 

AIL: 

< Q .o 

_P * 1 f ’ 

r .’6+16 

’.6L-Q4 

. I* 65. 

7 »63 

. 432. 

1,62+06 

1.035+03 

65 

239.3 

1 • 14-JJJ 

’ 7- r >7 

Mo. 

79.0 

8. 1 f' 

’.46+16 

4 .rn-fiq 

1 » K 6 

7.16 

4 1 R • 

0 « * ’ + 0 * 

1 .035+03 

70 

219.7 

5. L?-n? 

.76-00 

?<-7. 

? Q .n 

7 ♦ 4 1 

1 .02+ 1 6 

9. ’4-04 


0 . 57 




75 

200.1 

2 . 49 -n? 

4.33-08 

’J 4. 

?9, f) 

6.-"" 

0.01+14 

1 , nci-p’ 

1 .” 

6, no 

’A?. 

2 . 03+05 

1.035+03 

80 

180.6 

I. 04-02 

; . 00-08 

'■>*>0. 

2° • 0 

6.1’ 

f .1*+14 

4 . oa-n’ 

1.22 

5.47 

’63 r 

8.89+04 

1.035+03 

85 

160.6 

4.12-03 

7 .Qtp-Pq 

’70. 

?°.o 

5.4 « 

1 .66+14 

1 .n’-n? 

1.27 

6.4’ 

’6’. 

3.54+04 

1.035+03 

90 

180.6 

1.64-03 

7.17-6 9 

’7o, 

->9 . (j 


r .604 1 3 







95 

195.3 

6*011—0 4 

1.21-09 

"*■1 • 

20 . 9 

5.4 1 

", AT + j t 

6 . 74-02 

1 .’0 

*.90 

’70. 

5.61+03 

1.035+03 

100 

£l.Q.«Q 

3*1 U — 04 

<• « 97- 1 0 

?M • 

-P.q 

5.0’ 

1 . O'l ♦ 1 ’ 

! .64-01 

1 . ’a 





110 

257.0 

7.35-C5 

‘..82-11 

<24. 

-0.5 

6.00 

«.07+l? 

F.’r-01 

1 .66 

7.09 

436. 

5. ’2+0? 

1.035+03 

120 

349 » 5 

2.52-06 

t.43-11 

VP. 

8 . 1 

0.41 

«- .2?-* 1 1 

3 .26 + 00 






130 

531.1 

1.22-05 

7.58-12 

'( 7p , 

27.4 

lO.R'' 

’ .66+1 1 

1 .02+01 

?.’0 

17,11 

641 . 

6.20+01 

1 *035+03 

140 

712.2 

7.41-06 

<.39-1? 

*' 6. 

27.1 

1 4 . 4 * 

* , . c 4 + i a 







150 

892*8 

5.06-06 

1 .04-12 

f 1 3 . 

26.9 

18. ?9 

4.1 1+10 

4.14+01 

’.on 

79.4ft 

A3«. 

2.03+ni 

1.035+03 

160 

1022.2 

3.f 9-06 

-1*16-12 

►'<*- Q , 

36.7 

73.39 

2.69+10 

6 .49+01 

u • n 7 

’4.1 a 




170 

1103.4 

2.79-06 

> .03-13 

< '*«. 

26.4 

28 » 5 C 

1 .fl’+io 

9.27+01 

4.73 

37.3* 

04 1 . 

i.ni+ni 

1.035+03 

180 

.. 1154.5 

2.15-06 


7:- p . 

26.1 

7p,r,n 








190 

1205.4 

l.LO-06 

0.36-13 

7-7. 

25.8 

74.46 

1 .01 + 10 

1 .60+02 

4.47 

4 1 .93 

904, 

5.02+00 

1.035+03 

2M_ 

— 1.234* 8 

1.33-06 

. 3.32-13 

74 1 . 

20.5 

’7.7’ 

7,02+00 

2 . 1 7+0? 






210 

1264,0 

1. 06-06 

2.56-13 

7' U. 

25.? 

39.19 

f .10 + 09 

2 • 7p+o2 

4. *3 

4*. 31 

1030. 

3.70+00 

1.035+03 

220 

1293i2 

_ 8.57-07 

1.99-17 

767. 

25.0 


(:.nn+no 







230 

1322.3 

6.96-07 

1.56-13 

7’9* 

?4 • 7 

42.14 

’.01+09 

4.06+0? 

4.63 

4P.7? 

1065. 

2.’o+nn 

1.035+03 

240 

1330.1 

5 .68-07 

1.24-13 

It Q, 

74 .4 

44.49 

3.00+09 

* .*?+Q? 






250 

1353.9 

4*67-07 

0 . Q 7-l 4 

7<-q. 

24.0 

45.75 

2. 60 + 09 

6 .00+02 

4.69 

cl .57 

109?. 

1 .61+00 

1.035+03 

260 

1369.6 

3. 86-07 

0.04-14 

Urn . 

23.7 

47 . n? 

2.04+09 

0 . ’3+n? 

4 





270 

1365.3 

3.20-07 

6.52-14 

n l O. 

93.4 

48. ?9 

1 .67+09 

1 .02+03 

4 .74 

54.4? 

1110. 

l. 10+00 

1.035+03 

280 

1401.0 

2.67-07 

5.31-14 

‘■2P. 

27.2 

4 9.56 

1 ,-^+na 

1 « 2’+0’ 

4.77 

66.88 

1131. 

9. 1 9-01 

1 . 0.35+03 

290 

1416.6 

2.24-07 

4.35-14 

077. 

22.9 

60*04 

1 .14 + 09 

1 . 4 p + n ’ 

4.79 

67.30 

1144. 

7.71-01 

1-035+03 

300 

1432.1 

1.50-07 

3.50-14 

°47, 

22.7 

*2.1? 

c. 53+00 

1 • ’p + n 3 



1167. 



310 

1437.7 

1.59-07 

2-97-14 

"64 . 

22.3 

54. I 7 

r.op +00 

2.12+0’ 

4 .03 

69.00 

1167. 

5.51-01 

1.035+03 

320 

1443.3 

1.35-07 

?.4e-l 4 

462. 

’2.0 

55. ’1 

6.77+00 

2 » * 1+ p ’ 

4 • P4 

6 1 .25 

1170* 

4 *69-01 

1 *035+03 

330 

1448.9 

1.15-07 

2.07-14 

Q 69 . 

21.7 

66.44 

*.74+00 

2.96+0’ 

4.P5 

6?. 51 

1100. 

4.01-01 

1.035+03 

340 

1454.4 

9.00-08 

1.74-14 

P7 7 . 

21.5 

67.5° 

( .00 + 00 

3.00+03 

4.88 

83,?o 

1190. 

3 .44—01 

1 .035+03 

350 

146D.0 

8*39-00 

1.46-14 

0 r 4 • 

21.2 

68.7’ 

4.1 6+00 

4.00+03 

4.07 

65.04 

1200. 

2.96-01 

" 1.035+03 

360 

1465.5 

7.20-08 

1.24-14 

r,o ? . 

20.9 

69.00 

3 » c 6 * 00 

4.77+03 

4.07 

66.31 

1210. 

2.55-01 

1.035+03 

370 

1471.0 

6.20-08 

1.05-14 

090. 

20.7 

61.0’ 

’.06+00 

5. *6+0’ 

4 • 08 

’ 87.59 

1??0 • 

2. 21-01 

1.035+03 

380 

1476.5 

5.36-08 

0.91-15 

006. 

20.4 

62.10 

2*6’+0P 

6.46+J3’ 

4 • HQ A8.8A 

1238. 

1,92-01 

1.035+03 

390 

1481.9 

4.64-08 

7.60-15 

913. 

20.2 

63.33 

2. 27+00 

7 . 09+03 

4.90 

70.14 

1247. 

1.67-01 

1.035+03 ' 

400 

1487.4 

4.03-08 

d. 50-15 

920. 

19.9 

64.40 

1 .96+0P 

P.66+03 

4.91 

71 .4’ 

1 757. 

1.45-01 

1 .035+03 

410 

1408.6 

3.51-08 

5.59-15 

ooq * 

19.7 

66*6° 

1 .71+0R 

9.06+03 

4.01 

7?.51 

126*. 

1.27-01 

1.035+03 

420 

1489.8 

3. 06-08 

4.81-15 

Q 3 1 ♦ 

19.5 

67.6° 

1 .49+00 

1 .14 + 04 

4.9J 

73.6_Q_ 

1272. 

1 . 1 1-01 

1*035+03 

430“ 

1491.0 

2 • b7-08 

4.16-15 

936. 

19.3 

68.70 

1 .30+00 

1 .’1+04 

4 .9? 

74.69 

127°. 

9.78-02" 

1.035+03 

440 

1492.2 

2.34-0P 

3.60-15 

°42. 

19.1 

69.70 

1 .14 + 08 

1 .*0+04 

4.9? 

75.70 

_1 2£7 « 

_g A 60-0? 

1.035+03 

450 

1493.3 

2.05-ne 

3.12-15 

°47. 

IP. 9 

70.71 

c. 95+07 

1.-M + 04 

4.0? 

76.00 

1294. 

7 . 50-0? 

1.035+03 

460 

1494.5 

1. 80-08 

2.71-15 

963. 

18.7 

71.72 

P.74+07 

1 . 04+04 

4.0? 

77.90 

1 307. 

6.70-02 

1 .035+03 

470 

1495.7 

1. 59-00 

2.36-15 

° 58* 

10.5 

72.7’ 

7.09+07 

2.21+04 

4.9? 

7 Q » 00 

1309. 

5.9?-02 

1.035+03 

480 

1496.9 

1.40-08 

2.06-15 

903. 

18.3 

73.76 

6. 7 R+07 

_P _.Ai±CL^_ 

4.9’ 

AO. 1 P 1 ’1 8. 

_5j.25.-n? 

1 .035+03 

490 

1498.0 

1.24-08 

1.80-15 

Q 6R. 

1P.1 

74*77 

x. 90+07 

2 . 04+04 

4.03 

Pi .29 

1323. 

4 . 66 - 0 ? 

1.035+03 

500 

1499.2 

1.10-00 

1.58-15 

974* 

17.9 

75.70 

6.29+07 

3.21+04 

4.9’ Qp.40 

1’’0, 

4.14-0? 

1 .035+03 

550 

-502.7 

6.06-09 

0.42-16 

9°1 . 

17.4 

01.76 

2.92+07 

*.02+04 

4.94 

P6.56 

l’C4. 

2.33-0? 

1.035+03 

600 

1506.1 

3.45-09 

4.63-16 

1007. 

16.8 

05.7’ 

1 .66+07 

1 • n?+n* 

4.04 

90,77 

1376. 

1.34-0? 

1.035+03 

650 

1506.9 

2.01-09 

2.64-16 

rnfe. 

16.5 

90.50 

a. 64+06 

1 .76+0^ 

4.94 

9^ • 04 

1391. 

7.09-03 

1.035+03 

700 

1507.6 

1.19-09 

1.53-16 

in?fl. 

16.2 

93.69 

*.72+06 

2.97+06 

4.04 

a7 ,35 

14(16, 

4.73-03 

1 .035+03 

7Fo~ 

“1507.6 

7.15-10 

a.20-17 

1 029 . 

16.1 

90.56 

3.43+06 

4.O5+05 

4.94 

90.91 

1406. 

" 2.84-03 

1.035+03 

800 

1507.6 

4.33-10 

6.56-17 

1930. 

16.1 

100.13 

2.00+06 

0.17+05 

4.94 

loo , 49 

1 400 . 

1.72-03 

1 .035+03 

850 

1507.6 

2*64-10 

3.39-17 

1 0 T 1 » 

16.1 

101.71 

1.27+06 

1.34+06 

4,04 

10?.07 

1409, 

1. 05-03 

1.035+03 

900 

1507.6 

1.62-10 

2 .06-17 

10??. 

16.1 

1C3.30 

7.01+05 

2.18+06 

4.94 

in’. 67 

1410. 

6.48-04 

1.035+03 

950 

1507.6 

1 . 01-10 

1.29-17 

1033. 

16.0 

104.9O 

4,04+05 

3. *1+06 

4.94 

105,20 

1411. 

4.02-04 

1.035+03 

1000 

1507.6 

6.28-11 

G. 02-18 

1034. 

16.0 

106.52 

’.02+05 

5.63+06 

4.94 

106.90 

141?. 

2.51-04 

1.035+03 


columnar mass = 

1034.797 

GM/CC 
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TABLE IV. - MODEL ATMOSPHERE FOR EARTH - CONTINUED 


*•‘00 EL AT*-'CSPHEPE F0° EARTH I'.S.jq*? 


CONSTRUCTION PARAMETERS ENGINEERING i«NlTS nATF 9/P0/67 


SURFACE PRESSURE = lrTToTTu/SG^N Sl'PFACr TEMPFPATUPF = S1P.7 R SURFACE DFMSTTY = p.’R-m SLUG/C1I FT 
PER CENT CARBON DIOXIDE = To IW FCULAP WEIGHT = ?p.9f SURFACE GRAVITY = 3?.) 7 FT/SEC/SFC 


CALCULATED QUANTITIES 


V£AN MEAN 


HEIGHT 

TEMP 

PRESSURE 

density 

SPEED 

SPECIFIC 

PPF5 

DENS 

.NUMBER 

particle 

FREE 

VIS- 

KINFTIC 




(SLUG/ 

OF SOUND 

wfight 

5CALF 

SCALE 

DENSITY 

velocity 

PATH 

COSITY 

vise 

(MIL. FT) 

<R> 

(LB/SQ IN) 

CU FT) 

(FT/SEC) 


(MIL 

.FT) 

(PFR C!) FT) 

(FT/SFC) 

(FT) 

(F+5) 















.0000 

518.7 

1. 47+01 

2.38-b3 

1116. 

7.7-02 

.0?° 

.034 

7.2+23 

1506* 

2 » 2 — 07 

3.87 

1.6-04 

.0164 

460.2 

7.84+00 

1.43-03 

1052. 

7.6-02 

.025 

.030 

4.3+23 

1418. 

3.6-07 

3.44 

2.4-04 

.0328 

401.9 

3.85+00 

8.03-04 

QP3. 

• 7.6-02 

.02? 

.027 

? .4+23 

1325. 

6.5-07 

3.06 

3.8-04 

.0492 

390.0 

1.76+00 

3.76-04 

Q68. 

7.6-02 

.0?1 

.021 

1.1+23 

_ .1306 ». .. 

1.4-06 

2.97 

7.9-04 

.0656 

390.0 

8.02-01 

1.73-04 

968. 

7.6-0? 

.021 

.0?1 

5*?+?2 

1306. 

3.0-06 

2.97 

1.7-03 

.0820 

398*8 

3.70-01 

7.79-05 

. a?9. 

7.6-02 

.0?1 

.021 

2.4+2? 

132Q« 

6.7-06 

3.03 

3.9-03 

.0984 

407.7 

1.74-01 

3.58-05 

’ Q90. 

7.6-0? 

.022 

.021 

1.1+?? 

1335* 

1.6-06 

3.09 

8.6-03 

.1146 

425.7 

0.34-02 

1.64-05 

ini2. 

7.6-02 

.023 

.021 

5 » Q + ? 1. 

.. 1364* 

3.2-05 

3.21 

?.0-02 

.1312 

450.6 

4.17-02 

7.76-06 

1841. 

7.6-0? 

.024 

.023 

2.4+21 

1404* 

6.7-05 

3.38 

4.4-02 

.1476 

475*5 

2.16-02 

3.82-06 

1P69. 

7.6-02 

_ *Q26_ 

.024 

1 .5+21 

144?.. 

1.4-04 

3.66 

9 . 3-0? 

.1640 

487.2 

1.16-0? 

1.99-06 

108?.. 

7. c -0? 

.026 

.026 

6.0+20 

145Q. 

P.6-04 

3 • 6 * 

I .8-01 

.1805 

478.1 

6.20-03 

1.09-06 

107?. 

7.5-02 

• 0?6 

.028 

3 . 7+20 

1446. 

4_tB-D4. 

J.57 

3.3-01 

.1969 

460.4 

3.26-03 

5.94-07 

1052. 

7. c -n2 

• 0?5 

. 0?7 

1.8+20 

1419. 

8.8-04 

3.44 

5.8-01 

.2133 

430.7 

1.66-03 

3.24-07 

1018. 

7.5-0? 

.023 

.027 

9. 8+19 

137?. 

X.6-03 

. . 3.24 

1.0+00 

.2297 

395.4 

8.01-04 

1.70-07 

075. 

7.5-02 

« 0?2 

.024 

5.2+19 

1316. 

3.1-03 

3.01 

1.8+00 

.2461 

360.2 

3.61-04 

8.42-08 

.... 931... 

7.5-02 

.020 

.022 

2.6+19 

1256. 

6.2-03 

2.78 

3.3+00 

.2625 

325.2 

1*50-04 

3.68-08 

884. 

7.5-02 

.018 

.020 

1.2+19 

119?* 

1.3-02 

2.64 

6.6+00 

.2789 

325*2 

5.98-05 

1.54-08 

884. 

7.5-02 

.018 

.018 

4.7+18 1192* 

J3. .4- 02. 

2.54 

1.6+01 

.2953 

325.2 

2.38-05 

6.15-09 

084. 

7.4-02 

.018 

.018 

1.9+18 

1192* 

8.5-0? 

2.64 

4.1+01 

.3117 

351.6 

9.86-06 

2.35-09 

920* 

7.4-02 

.019 

.018 

_ _7 • 1+17 _ 

. 1241* 

2*2-01 

2.7? 

1*2+02 

.3281 

378.0 

4.36-06 

9.66-10 

955. 

7.4-02 

.021 

.019 

2.9+17 

1207* 

5.4-01 

?.90 

3.O+02 

.3609 

462.6 

1.07-06 

1.91-10 

1062. 

7.4-0? 

.026 

• 023 

5*9+16 

..1432* 

2.7+00 

3.46 

1.8+03 

.3937 " 

629-1 

3 ^ 66-07 

4.73-11 - 

1248. 

7.4-0? 

.036 

.02P 

1.5+16 

168?. 

1.1+01 

4.4? 

9.4+03 

.4265 

956.1 

1.77-07 

1.47-11 

1549. 

7.4-02 

.056 

.035 

4.7+15 

2102. 

3*3+01 

5.81 

3.9+04 

.4593 

1282.0 

1.08-07 

6.59-12 

1791* 

7.3-0? 

.076 

.047 

P.1+15 

2.448* 

7.4+01 

7.10 

1.1+05 

.4921 

1607.0 

7.34-08 

3.57-1? 

201?. 

7.3-02 

.097 

.060 

l._2_+15 

. 2,749. 

1.4+02 

7.95 

2.2+05 

.5250 

1840. 0 

5.36-08 

2.25-12 

2164. 

7.3-0? 

.112 

.077 

7.4+14 

2956. 

2.1+02 

8.60 

3.8+05 

.5578 

1986.1 

4*05-08 

1.56-12 

2259. 

7.3-0? 

.123 

.094 

5.2+14 

3087* 

3.0+02 

8.83 

5.7+05 

.5906 

2078.1 

3 • 12-08 

1.14-12 

23?3. 

7.2-0? 

.130 

.107 

3.8+14 

3175. 

4.1+n? 

9.04 

8.0+05 

.6234 

2169.7 

2.44-06 

8.44-13 

2^86. 

7.2-02 

.138 

.113 

2*9+14 3260. 

,5.5+02. 

9.23 

1.1+06 

.6562 

2222.6 

1.94-OP 

6.44-13 

2430. 

7.2-02 

.143 

.124 

2.2+14 

3320* 

7.1+0? 

9.34 

1.5+06 

.6890 

2275*2 

1.55-06 

4.97-13 

2473. 

7.2-0? 

.149 

.12° 

1...7 + 14. 

..2.379 • . 

9.1+0? 

9.45 

1.9+06 

.7218 

2327.8 

1*24-08 

3.87-1^ 

2515. 

7.2-0? 

.154 

.133 

1 .4+14 

3437. 

1.2+03 

9.56 

? .5+06 

.7546 

2380.1 

1.01-08 

3.04-13 

2557. _. 

7.1-0? 

.160 

• 1 38 

1.1+14 

3493. 

1.6+03 

9.67 

3.2+06 

.7874 

2408.6 

8.25-09 

2.42-1^ 

2990. 

7.1-0? 

.165 

.146 

8.7+13 

3538* 

1.8+03 

9.73 

4.0+06 
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.8202 

2437.0 

6.78-09 

1.94-13 

2622. 

7.1-02 

.16° 

.150 

7.1 + 13 

7507. 

2.9+03 



.8531 

2465.4 

5.60-09 

1.56-13 

26 K 4 « 

7.1-02 

.174 

.154 

5.0 + 13 

7627. 

2.7+0? 

9.84 

6.3+06 

.8859 

249.3. 6 

4.65-09 

1.27-13 

2616- .. 

7.0-02 

.17° 

.150 

4.7+1 3 

3670. 

3.7 + m 



.9187 

2521.7 

3.87-09 

1.03-13 

2717. 

7,0-02 

.103 

.163 

3.9 + 13 

3712- 

4.0+03 

9.90 

9.7+06 

.9515 

2549.8 

3.25-09 

8.46-14 

2740. 

7.0-02 

.10P 

.167 

^ 1 ^ 

3754. 




• 9843 

2577.8 

2.73-0° 

6.96-14 

2?70. 

7.0-02 

.193 

.171 

2.7+17 

7795- 

5.9+03 

10.06 

1.4+07 

1.0171 

2587.9 

2.31-09 

5.70-14 

2003. 

7.0-02 

.197 

• 1 7P 






1.0499 

2597.9 

1.96-09 

4.01-14 

2028. 

6.°-02 

.201 

.lRi 

1.9 + 13 

3064* 

0.2+03 

in.10 

2.1+07 

1.0827 

-g-fi.qa ♦ 0 

q.*. 67-09 , 

— 4.02-14 

2853 * 

6.9-02 

.205 

. 1 85 

1 .A+1 3 

3090 . 




1.1155 

2618.0 

1.42-09 

3.30-14 

2«77. 

6.9-02 

.209 

.109 

1.4 + 13 

7031* 

1.1+04 

10.14 

3.0+07 

1.1483 

2627.9 

1.22-09 

2.84-14 

2901 . 

6.9-02 

.21 3 

.193 

1 .2+1 3 





1.1812 

2637.9 

1.05-09 

2.40-14 

2925. 

6.9-02 

.210 

.196 

1.0 + 17 

3997. 

1.6+04 

10.10 

4.2+07 

1.2140 

2647.8 

9.00-10 

.2.04-14 

2949. 

6. P-02 

.22? 

.200 






1.2468 

2657.6 
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